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The fate of bacterial
production in McMurdo Sound

in the austral spring
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The abundance of bacteria in the plankton under the annual
sea ice in McMurdo Sound is low and increases slowly by five-
to tenfold over the austral spring (Kottmeier, McGrath Grossi,
and Sullivan 1987; Rivkin in press). Several explanations for
this can be postulated (Pace 1988; Wright, Coffin, and Lebo
1987). First, bacterial growth may be limited by low temper-
atures (Pomeroy and Deibel 1986; Wright and Coffin 1983) or
by substrate availability (Kirchman, Ducklow, and Mitchell
1982; Wright and Coffin 1984) and, hence, they may be grow-
ing very slowly. Second, rates of bacterial production may be
balanced by loss rates (Pace 1988). The primary loss processes
are bacterivory by proto- and meta-zooplankton and/or viral
lysis (Pace 1988; Proctor and Fuhrman 1990).

As part of a project examining the nutrition of planktotrophic
echinoderm larvae in antarctic and temperate regions, we
measured the abundance and production of potential prey for
the larvae. Because phytoplankton biomass and primary pro-
duction are very low during the austral spring (Rivkin in press),
bacteria may provide an important food source for these gra-
zers. To assess the relative importance of bacteria as larval
food, it is necessary to know not only the abundance of po-
tential prey but also the rate at which prey biomass is pro-
duced. This is particularly true for organisms with generation
times on the order of hours or days. Here, we report bacterial
division rates during the austral spring, and we calculate the
potential loss to bacterivores at our field site located 8 kilo-
meters north of Hut Point, near McMurdo Station.

The water column depth at the field site was 40 meters and
was well mixed (Rivkin unpublished data). Bacterial abun-
dances were uniform over the water column for the entire
season (figure 1). Bacterial samples were collected from the
mid-point of the water column (20 meters) to measure division
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Figure 1. Representative vertical profile of bacteria (cells per liter
X 106) at our field site in McMurdo Sound. Error bars are ± one
standard error (s). (m denotes meter.)
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Figure 2. Abundance of bacteria (cells per liter x 106) at 20 meters,
over the austral spring from 16 September to 8 December 1989.

rates. Samples for enumeration of bacteria were preserved in
glutaraldehyde (1 percent final concentration) and were counted
using the acridine orange direct count method (Hobbie, Daley,
and Jasper 1977). Bacterial division rates were measured from
changes in cell numbers during 48-hour time course experi-
ments. Samples were modified by removing bacterivores by
filtration through a 1-micrometer filter and diluted fivefold
with particle-free seawater. These samples were incubated in
flowing seawater at ambient temperatures.

Bacterioplankton were relatively constant throughout the
study period. Bacterial abundances ranged from 1.4 x 101 to
5.7x 101 cells per liter (figure 2), and no seasonal trend in
abundance was observed. The bacteria were however, actively

Figure 3. Bacterial growth rates (ii) in doublings per day measured
In nine experiments in McMurdo Sound.

growing throughout the spring. Division rates ranged from
0.1 to 1.1 doublings per day (figure 3); the average division
rate was 0.6 doublings per day. These are within the range of
division rates measured in temperate marine environments
(Ducklow and Hill 1985; Pace 1988).

These antarctic bacterioplankton have the potential to dou-
ble their numbers every 1.6 days. Hence, their low abundances
and slow or negligible increase were not due to limitation by
either temperature or substrate. Thus, loss processes must be
balancing division rates. Our division rate measurements al-
ready include losses through viral lysis since viruses were not
removed from the water before incubation. Therefore, grazing
by bacterivores must be responsible for maintaining bacterial
abundances relatively constant. Based on the average division
rate, we calculate that bacterivores must clear 55 percent of
the water column per day to maintain bacteria at the observed
concentrations. Therefore, grazing appears to control bacterial
abundances in McMurdo Sound during the austral spring and
the excess of bacterial production is available for consumption
by bacterivores including planktonic echinoderm larvae pres-
ent in the water column at this time.

This project was supported by the National Science Foun-
dation grant DPP 88-20132 to R.B. Rivkin.
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