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Several studies have suggested that protozoan grazing influ-
ences the population dynamics of bacteria in polar systems
(Garrison and Buck 1989; Rivkin 1991). Here we used size-
fractionation to estimate bacterivory in McMurdo Sound.

Water samples were collected from 5 or 100 meters at the ice
edge in McMurdo Sound on eight occasions between late No-
vember 1990 and mid-January 1991 (table 1). The sampling pe-
riod comprised the annual Phaeocystis pouchettii bloom. Bacterial
abundance and chlorophyll concentrations both varied over an
order of magnitude during the study.

Samples were either passed through a 5-micrometer ("<5")
or a 1-micrometer ("<1") polycarbonate filter or left unaltered
(WW). Subsamples from each filtrate were incubated in tripli-
cate teflon bottles in the dark at near in situ temperatures for a
24-hour period. Bacterial abundance was determined for each
bottle at time zero (t 0) and after 24 hours ( t24 ). The average
coefficient of variation for bacteria counts from triplicate bottles
was 10.8 percent (range 4-25 percent). The daily change in
bacterial abundance is expressed either as a percentage or as
an apparent growth rate (calculated by taking the natural log
of the ratio of bacteria present at t 24 and t ( ,). For five experi-
ments, nanoflagellate abundance was also determined at t2.4.

The goal of the size-fractionation technique is to compare the
growth of bacteria in the presence and absence of predators

Table 1. Initial conditions for
size fractionation experiments in McMurdo Sound, 1990-1991

NOTE: Initial abundances of bacteria and concentrations of chlorophyll
are reported for the <1-micrometer filtrate and unaltered water, respec-
tively. ND is no data.

Abundance Chlorophyll
Sampling	 of bacteria concentration

depth Temperature (x 10 cells (micrograms
Date	 (meters)	(°C)	per milliliter)	per liter)

29 November 1990	5	ND	0.8	0.2
5 December 1990	5	-0.3	2.6	2.0
10 December 1990	100	-0.2	1.8	0.7
2 January 1990	5	-0.8	7.0	8.3
7 January 1991	5	+0.4	8.7	0.6
10 January 1991	100	-0.9	5.7	1.6
16 January 1991	5	-1.0	5.5	0.4
18 January 1991	100	-1.0 	13.8	4.3

(Wright and Coffin 1984). The technique assumes that bacterial
growth is the same in the presence and absence of larger or-
ganisms. Growth rates of bacteria in the <1-micrometer frac-
tion ranged from -.10 to 0.26 per day (table 2). Negative values
for growth rates in the <1-micrometer fraction were never sig-
nificantly different from zero (t-test p<.OS).

We expected our <1-micrometer filtrate to be free of preda-
tors, but all <1-micrometer samples contained very small (<2-
micrometer) nanoflagellates at abundances less than 500 cells
per milliliter (figure, A and B). How did flagellate contamina-
tion influence the net bacterial growth rate in the <1-microm-
eter fraction? Using a high clearance-rate value reported for a
temperate nanoflagellates (10 body volumes per hour; Fenchel
1982), we calculated that nanoflagellates present in the <1-
micrometer fraction consumed less than 0.5 percent of the bac-
terial standing stock each day. Given that polar nanoflagellates
have lower grazing rates than temperate forms (Putt, Stoecker,
and Altstatt, Antarctic Journal, this issue), contamination of our
<1-micrometer fraction by small nanoflagellates probably had
a negligible effect on our estimate of growth in the absence of
predation.

Early in the season (figure, A and B), the flagellate commu-
nity in McMurdo Sound was comprised exclusively of small
(<2-micrometer) nanoflagellates similar to those present in our
<1-micrometer filtrate. As the season progressed, larger nano-
flagellates and heterotrophic dinoflagellates of nanoplankton
size range were also present in the unaltered water and <5
micrometer treatments. Hence we expected increased proto-
zoan grazing pressure as the season progressed.

In unaltered water and <5-micrometer treatments, we ex-
pected that protozoan grazing would cause bacterial abun-
dance either to increase more slowly than the <1-micrometer
fraction, or to decrease. With the exception of 18 January, how-
ever, analysis of variance (ANOVA) indicated that differences
between treatments were not significant (p<.OS; Zar 1974). To
estimate the detection limits for determining differences be-
tween any two treatments in our experiments, we used a New-
man-Keuls procedure to compute the 95 percent confidence
limits for a hypothetical difference between means (Zar 1974)
(table 2). With the exception of 29 November, differences be-

Table 2. McMurdo Sound, size fractionation experiments.
NOTE: Daily bacterial growth rate in <1-micrometer filtrate (means ±95
percent confidence limits). A Newman-Keuls procedure was used to cal-
culate the 95 percent confidence limits (CLI) for the difference between
the mean change in bacterial abundance between two treatments in an
experiment.

Apparent bacterial	95 percent confidence

	

growth rate in	limits for difference
<1-micrometer fraction	between means

Date	 (per day)	 (percentage)

29 November 1990	.26 -t.23 	 76
5 December 1990	.21 ±35	 39
10 December 1990	.14±14	 29
2 January l99l	-.05±63	 30
7January 1991	-.07±13	 18
10 January 1991	-.10±50	 33
16 January 1991	-.06±10	 21
l8 January l99l	 .12±25	 isa

a Only experiment in which differences between means were significant
(ANOVA, p<.05).
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Selected size fractionation experiments, McMurdo Sound, 1990-
1991. The daily change in bacterial abundance was measured as a
percentage of the initial abundance of bacteria in unaltered water
(WW), 5-micrometer (<5) and 1-micrometer filtrates. The abun-
dance of <2 micrometer (hatched symbols), 2-5 micrometer (open
symbols) and >5 micrqmeter (filled symbols) heterotrophic nan-
oflagellates were measured on the same date. Experiments pre-
sented here were begun on (A) 28 November 1990, (B) 10 December
1990, (C) 10 January 1991, (D) 16 January 1991, and (E) 18 January
1991. Open-ended error bars represent ±1 standard deviation;
closed error bars represent ± range of duplicate samples.

tween treatments in excess of about 18-39 percent would have
been detected in our study. Expressed on a logarithmic scale
(to be consistent with bacterial growth), grazing was thus less
than about 0.2-0.51 per day in 7 out of 8 experiments in our
study.

On 18 January, ANOVA showed that bacterial abundance in
the unaltered water fractions decreased compared to both <5-
and <1-micrometers fractions (p<.05, figure, E). (Differences
between <5- and <1-micrometer fractions were not signifi-
cant.) Since flagellate abundance was similar in unaltered water
and <5-micrometer treatments, other factors must have ac-
counted for the large decrease in bacterial abundance in the
unaltered water treatment. Perhaps mortality of bacteria on this
date was due to a larger generalist feeders analogous to a lar-
vacean (King, Hollibaugh, and Azam 1980). Microplankton
were not enumerated on our filters, but we are currently ana-

lyzing larger volume microplankton samples to examine this
possibility.

To summarize, growth rates of bacteria in the <1-micrometer
fraction did not exceed 0.26 per day (i.e., a minimum doubling
time of 2.7 days) and were frequently not significantly different
from zero. Our growth rate estimates for bacteria in the <1-
micrometer fraction are consistent with the lower range of
growth rate estimates for phytoplankton in McMurdo Sound
previously determined using thymidine assimilation (Fuhrman
and Azam 1980; Kottmeir, McGrath Grossi, and Sullivan 1987).
Using the size-fractionation technique, we were generally un-
able to detect bacterivory. If the assumption of our experiment
that growth rates of bacteria are not affected by the fractiona-
tion process is correct, then the errors in our measurements
suggest that grazing on bacteria in our experiments was gen-
erally less about 0.20-.51 per day. These grazing rates are lower
than have been reported in some temperate and subpolar stud-
ies (e.g., Wright and Coffin 1984; Wikner, Rassoulzadegan, and
Hagstrom 1990). They are consistent with a companion study
which suggested that the flagellate community consumed less
than 10 percent of the bacterial standing stock each day during
most of the summer in McMurdo Sound (Putt et al., Antarctic
Journal, this issue). Given relatively slow bacterial growth rates
it is possible that even a low grazing pressure by the microfla-
gellate community punctuated by more intense grazing by a
microplankter generalist could have a substantial impact on
bacterial population dynamics in McMurdo Sound; however,
techniques with a greater sensitivity than the size-fractionation
technique are necessary to quantify protozoan bacterivory in
this system.
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