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Since the seminal papers of Williams (1981) and Azam et al.
(1983), microheterotrophs have been recognized as crucial for
understanding food-web dynamics. Bacteria are ingested by
protozoan and metazoan grazers which in turn excrete dis-
solved organic material. This excreted dissolved organic mate-
rial, along with that released during photosynthesis or cell
lysis, represents the primary substrate for bacterial growth. In
most temperate and tropical environments, bacterioplankton
metabolize 30 to 50 percent of the autochthonous primary pro-
duction (Williams 1981; Cole, Findlay, and Pace 1988; Pomeroy
and Weibe 1988). Hence, the peak in bacterial abundance and
growth is often preceded by or concurrent with a phytoplank-
ton bloom. This network of interactions usually results in a
close coupling between autotrophic and heterotrophic proc-
esses. Indeed, significant correlations between phytoplankton
and bacterioplankton biomass and production have been re-
ported (Bird and Kalff 1983; Cole et al. 1988).

In the Antarctic however, this "classic" phytoplankton-bac-
terioplankton relationship may not be the norm. The unique
physical and chemical environment of polar regions has im-
posed stringent controls on the rates and patterns of growth
and metabolism of the microbial populations. Due to the pro-
longed periods of low light or darkness, phytoplankton biomass
and rates of production are highly seasonal. Hence, the para-
digms developed from observations or experiments in temper-
ate environments may not be valid in polar systems. We pre-
viously reported that during the late austral winter and austral
spring, bacterial biomass and production can exceed those of
the phytoplankton in McMurdo Sound, Antarctic (Rivkin et al.
1989; Rivkin 1991). Here we expand on those initial studies and
describe the relationship between phytoplankton and bacter-
ioplankton abundances. We report that bacterial growth does
not appear to be limited by the in situ substrate concentrations.

Water samples were collected from early September through
mid-December 1989 and mid-October 1990 through early Jan-
uary 1991 at our sea-ice field station near Danger Slopes,
McMurdo Sound, Antarctica. Chlorophyll a was measured fluo-
rometrically. Bacterial samples were preserved in 1-percent glu-
taraldehyde (final concentration) and abundances were deter-
mined by filtering cells onto 0.2-micrometer membrane filters
and staining with acridine orange (Hobble, Daley, and Jasper
1977). The influence on the rates of bacterial growth of adding
monosaccharides and amino acids was determined during 4-
or 8-liter microcosm experiments. Seawater samples collected
from 20 meters were filtered through a 64-micrometer Nitex
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screen and were either placed directly into the incubation bottle
(i.e., "unmodified") or filtered through a 1.0-micrometer mem-
brane filter and then diluted 5:1 with 0.2-micrometer mem-
brane filtered seawater (i.e., "modified"). Bacterivores were not
present in the modified treatment, hence growth of the bacter-
ioplankton was not restricted by grazing pressure. The sub-
strates were added (table) and bacterial abundances and rates
of substrate, thymidine, and leucine incorporation were deter-
mined daily for 4 days. Only the cell abundance data are pre-
sented here. The growth rates (± standard error) were deter-
mined from the slopes (± standard error of the slope) of the
least squares fit of the relationship between the logarithm of
cell numbers and the time in days.

The reported chlorophyll a concentrations and bacterial
abundances were restricted to paired measurements from the
same water samples collected over the 4-month period (figure
1). Chlorophyll a and bacterial numbers varied approximately
1,000- and 100-fold, respectively, over the study period. There
was a weak inverse relationship between the logarithm of the
two which is described by the following equation:

log(bacteria L I) = – 0.155
x log(ng chlorophyll a L-') + log(7.854)

r2 = 0.064	P	0.080

This relationship differs from those reported from other fresh-
water and marine environments (Cole et al. 1988) including
Sargasso Sea where the algal and bacterial biomass was similar
to polar regions (Rivkin unpublished data).

The influence on bacterial growth of enriching seawater with
1 micromolar per liter of glucose and amino acids is shown in
figure 2. Growth was not enhanced by these nutrient amend-
ments either in the presence (figure 2A—"unmodified") or
absence (figure 2B—"modified") of bacterivores. The growth
rates (divisions per day) for the enriched and unenriched con-
trols are summarized in the table. Although growth rates were
greater in late December than in September and October, there
was no significant (analysis of variance; p = 0.05)  difference in
the growth rates among treatments within an experiment (ta-
ble).

Substrate availability appears to limit the growth of bacter-
ioplankton in the sea. For example, adding glucose or dissolved
free amino acids increased the rates of both growth and am-
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Figure 1. Relationship between the concentration of chlorophyll a
and bacterial abundances in McMurdo Sound, Antarctica. Only
paired measurements of the same water sample were used for
these analyses. (L1 denotes per liter. ng  denotes nanograms. r2
denotes coefficient of determination. n denotes number.)
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monium uptake by bacteria from the subarctic Pacific (Kirch-
man 1990; Kirchman, Kyle, and Wheeler et al. 1990). The ab-
sence of an enhancement in rates of growth (figure 2, table) or
nutrient uptake (data not shown) strongly suggests that the
bacterioplankton in McMurdo Sound had sufficient organic nu-
trients to sustain maximal or near maximal growth. Hence,
their growth dynamics could be temporarily uncoupled from
autochthonous phytoplankton biomass and production.

At the present time, it is unclear which ambient substrates
bacterioplankton use for growth. The distribution of amino
acids and monosaccharides in McMurdo Sound was measured
by Manahan (Manahan et al. 1990, personal communication)
during most of the study period. Although concentrations of
the labile compounds were generally low, they were also highly
variable with glucose concentrations as high as 1.5 micromolar
per liter. Furthermore, since bacteria can use complex organic
ubstrates as a carbon source and ammonium as a nitrogen

source, the ambient substrate pool would be much larger than
simply the sum of amino acids and monosaccharides.

This project was supported by National Science Foundation
grant number DPP 88-20132 to R.B. Rivkin. We thank Donal
Manahan for the unpublished data on the concentrations and

Effects of enriching seawater with 1 micromole
per liter of dissolved monosaccharides or amino acids

on the growth rate of bacterioplankton
in McMurdo Sound, Antarctica

NOTE: Only the results of the "modified" (the <1.0-micrometer filtrate
diluted 5:1 with 0.2 micrometers filtered seawater) treatments are shown.
All rates are divisions per day ± one standard error.

20 to 24	26 to 30	24 to 29
Treatment	September	October	December

Control'	0.35 ± 0.039	0.33 ± 0.051	0.52 ± 0.019
Glucose	0.30 ± 0.028	0.30 ± 0.028	0.59 ± 0.025
Glutamic acid	0.36 ± 0.070	0.40 ± 0.131	0.47 ± 0.079
Glycine	0.38 ± 0.071	-	 -
Glucose plus	_b	

-	 0.49 ± 0.103
glutamic acid

a No added enrichment.
b Not measured.

distribution of seawater amino acids and sugars in the Mc-
Murdo Sound, and ITT and ASA Antarctic Services for logistic
support in Antarctica.
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Figure 2. Changes in bacterial abundances for (A) unmodified and
(B) modified seawater samples which were either unamended
(control) or amended with 1 micromolar per liter (L1) of glucose
or glutamic acid or 1 micromolar per liter each of glucose plus
glutamic acid. This experiment was carried out from 24 to 29 De-
cember 1990.
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