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First estimates of bacterioplankton production in Drake Pas-
sage of the antarctic ocean were made in the austral summer
of January 1980 (Hanson and Lowery 1981; Hanson et al. in
preparation). The major results of that study were:
(1) bacterioplankton production was less than 1 milligram per
square meter per day (or less than 0.02 microgram carbon per
liter per day); (2) free-floating bacteria were mainly respon-
sible for the production in surface waters; and
(3) bacterioplankton production was an insignificant source of
particulate organic matter, but bacterioplankton were impor-
tant in the consumption of dissolved organic carbon and the
decomposition of particulate organic matter in antarctic cir-
cumpolar deep water.

A followup cruise was made between 13 September and 16
October 1980 to obtain additional estimates of production and
adaptation of bacterioplankton in the antarctic region. We
studied the waters along 90°W from 45°S to the Polar Front
Zone, and across the Drake Passage from ice pack to Cape
Horn (figure 1). Michael McCartney of the Woods Hole Ocean-
ographic Institute studied the hydrographic conditions in the
southeast Pacific Ocean and obtained evidence of a convective
zone (formation of the antarctic intermediate water) in the
southeastern gyre of the Pacific Ocean (McCartney in prepa-
ration).

A microbiological team of R. Hanson, K. Lowery, D. Schafer,
and T. Ryan studied a number of characteristics of microplank-

ton (<100 micrometers) and bacterioplankton (<3 microme-
ters): adaptation to low temperature and nutrient waters, bac-
terial production by frequency of dividing cells, and increase
in cell numbers (Fuhrman and Azam 1980; Hagstrom et al.
1979), percentage of active bacterial cells by the 2-(p-iodo-
phenyl)-3-(p nitrophenyl)-5-phenyl tetrazolium chloride (TNT)
technique (Zimmerman, Iturriaga, and Becker-Berck 1979),
and size fraction of the microplankton biomass (ATP, total
adenylates, and adenylate energy charge). A summary of the
results from this cruise follows.

Bacterioplankton are adapted to low-nutrient waters in the
subantarctic zone (figure 2). Bacterioplankton growth in water
strained through a filter having holes less than 3 micrometers
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Figure 1. Station locations for the RIV Atlantis II cruise 107, leg 11,
in the south Pacific and the Drake Passage, 30 September-13
October 1980. Zones based on conductivity-temperature-depth
and expendable bathythermograph data (modified from McCartney
in preparation).
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Figure 2. Influence of nutrient concentrations (yeast extract) on
the growth of bacterioplankton (<3 micrometers) collected from
a depth of 40 meters in the subantarctic convergence zone off
South America (station 265). Cultures maintained at in situ tem-
peratures (60C). In the beginning, the frequency of dividing cells
was 6 percent; after 45 hours it varied between 10 and 20 percent.

in diameter showed little response to 0.001 percent yeast
extract, whereas high concentrations of yeast extract (>0.001
percent) suppressed growth. The initial bacterio plankton
number was 26,000 cells per milliliter. Approximately 6 percent
of the cells were in the process of binary division. The per-
centage increased to 20 percent during the latter stages of
growth. Assuming a carbon content of 830,000 grams per cell
(Fuhrman and Azam 1980), bacterioplankton production in
the nonenriched cultures over the first 10 hours of incubation
was 0.13 microgram carbon per liter per day.

Bacterioplankton biomass (ATP) in the <3-micrometer frac-
tion showed more variation with a change in culture temper-
ature than with a change in nutrients (figure 3). At in situ
temperatures, biomass changed very little and even decreased
at 0°C over 48 hours. At elevated temperatures, however,
biomass increased significantly with time. These results sug-
gest that the bacterioplankton growth in the Polar Front Zone
is suppressed by low temperature. In contrast, in the antarctic
zone, the bacterio plankton possess a lower temperature range
for maximum growth (Wiebe and Hendricks 1972).

Spatial distribution of microplankton biomass was related
to hydrological conditions (data not presented). From 45°S and
southward, AT? concentrations were low (10-20 nanograms
per liter) and became more uniform with depth (100 meter')

Uk

Figure 3. Influence of temperature on the growth (ATP concentra-
tion) of bacterioplankton (<3 micrometers) collected from a depth
of 40 meters at station 298 in the Polar Front Zone of the antarctic
ocean. The initial ATP concentration was 9 nanograms per liter.
h = hours of incubation; ng ATP/l = nanogram of adenosine tn-
phosphate per liter.

in the southern subantarctic zone (Convection Zone). Between
the subantarctic front and the Polar Front Zone (figure 1),
concentrations increased (>60 nanograms per liter) before they
declined at station 292 near the antarctic zone. Most (60-80
percent) of the biomass was in the size fraction >3 micrometers
but <10 micrometers. Bacterial numbers showed about the
same trend (that is, highest concentrations, approximately
100,000 cells per liter, at the Polar Front Zone). However, the
frequency of dividing cells remained constant, at approxi-
mately 5 percent. This suggests that bacterioplankton produc-
tion was higher at the Polar Front Zone than in the subantarctic
zone. Estimates of the percentage of active bacterioplankton
by the NT technique were inconclusive. Formazan deposits
were difficult to observe in the small coccoid to rod cells
(approximately 0.2 by 0.5 micrometer, measured by scanning
electron microscopy).

In conclusion, these alternative methods of bacterioplankton
production tentatively confirm the low production estimates
made by means of nucleic synthesis (Hanson and Lowery 1981;
Hanson et al. in preparation). However, the bacterio plankton
are functioning at near optimum rates that are regulated by
temperature but not by low concentration of nutrients.

This work was supported by National Science Foundation
grant 0?? 78-21507. Ship time on the RN Atlantis II, Woods
Hole Oceanographic Institute, was provided by M. McCartney
(NSF grant OCE 78-22223).

1981 REVIEW	 131



References

Fuhrman, J . A., and Azam, F. 1980. Bacterioplankton secondary pro-
duction estimates for coastal waters of British Columbia, Antarctica
and California. Applied and Environmental Microbiology, 39,
1085-1095.

Hagström, A., Larsson, U., Horstedt, P., and Normark, S. 1979. Fre-
quency of dividing cells, a new approach to the determination of
bacterial growth rates in aquatic environments. Applied and Envi-
ronmental Microbiology, 37, 805-812.

Hanson, R. B., and Lowery, H. K. 1981. Bacterial glucose uptake and
production estimates in the Drake Passage, Antarctica. Abstracts.
American Society for Microbiology, 81st Annual Meeting (Dallas, Texas,
1-6 March 1981), (N-21), 176.

Hanson, R. B., Lowery, H. K., Shafer, D., Sorocco, R., and Pope,
D. H. In preparation. Bacterioplankton productivity in the Drake Pas-
sage, Antarctica.

McCartney, M. S. In preparation. Observation of the convective for-
mation of the antarctic intermediate water of the south Pacific
Ocean.

Wiebe, W. J . , and Hendricks, C. W. 1972. Distribution of hetero-
trophic bacteria in a transect of the antarctic ocean. In R. R. Colwell
and R. Y. Morita (Eds.), Effects of the ocean environment on microbial
activities. Baltimore, Md.: University Park Press.

Zimmerman, R., Iturriaga, R., and Becker-Berck,J. 1978. Simultaneous
determination of the total number of aquatic bacteria and the num-
ber thereof involved in respiration. Applied and Environmental
Microbiology, 36, 926-935.

Planktonic foraminifera from the
southwest Atlantic, collected by

Atlantis II (cruise 60)

SILVIA WATANABE

Museo Argentino de Ciencias Naturales "B. Rivadavia" and Consejo
Nacional de Investigaciones Cientificas y Tecnicas, Argentina

HAYDEE LENA

Department of Biological Sciences
Florida Institute of Technology

Melbourne, Florida 32901

Since 1959, Boltovskoy and co-workers have studied the
surface hydrology of the southwest Atlantic using foraminifera
as biological indicators. Boltovskoy published a detailed
bibliography of those studies in 1970 and 1978. The present
investigation augments what has already been done to deter-
mine the different water masses and hydrologic limits of the
southwest Atlantic. The main objective of this investigation
was to determine, by means of planktonic foraminifera, the
structure and composition of the northwest region of the sub-
tropical/subantarctic convergence zone. The material analyzed
consisted of 29 planktonic samples, 16 collected in the surface
layer by horizontal tows, and 13 collected in the epipelagic
zone by vertical tows between 225 and 0 meters (figure).

The fauna was found to be qualitatively and quantitatively
poor. Sixteen species were found. They can be divided accord-
ing to their temperature requirements into three well-defined
groups: (1) Subtropical. Globigerina rubenscens Hofker, Globi-
gerinella aequilateralis (Brady), Globigerinoides conglobatus
(Brady), G. ruber (d'Orbigny), C. trilobus (Reuss), Globorotalia
hirsuta (d'Orbigny), C. Menardii (d'Orbigny), and Orbulina
universa (d'Orbigny); (2) Subantarctic. Globigerina bulloides
(d'Orbigny), G. Quinqueloba Natland, Globigerinita uvula
(Ehrenberg), Globoquadrina pachyderma (Ehrenberg), Globoro-
talia inflata (d'Orbigny), C. scitula (Brady), and G. truncatuli-

noides (d'Orbigny); and (3) Cosmopolitan. Globigerinita glutin-
ata (Egger).

Three kinds of water masses in the sampling area were
identified on the basis of species collected (figure): pure sub-
tropical waters, pure subantarctic waters, and waters having
different mixtures of subtropical and subantarctic waters. The
three types of waters were distributed in patches; generally,
subtropical waters predominated over subantarctic waters
down to 39°30'S latitude. No direct contact was found between
pure subtropical and pure subantarctic waters. The results
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Different types of waters found during cruise 60 of the Atlantis II,
Identified on the basis of occurrence of planktonic foraminifera.
(Hydrologic scheme after Boltovskoy 1978.)
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