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Marine biology

Bacterivory in McMurdo Sound:
1. Grazing by heterotrophic
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In many aquatic systems, heterotrophic nanoflagellates are
the main grazers of bacteria (Fenchel 1982a, 1982b; McManus
and Fuhrman 1986, Pace, McManus, and Findlay 1990). Here,
we estimate seasonal patterns of bacterivory by nanoflagellates
in McMurdo Sound.

We collected samples from a depth of 25 meters at the land-
fast ice edge in McMurdo Sound between 23 November 1990
and 23 January 1991. The sampling interval encompassed the
annual Phaeocystis pouchettii bloom (figure 1). Bacteria and het-
erotrophic nanoflagellate abundances were determined using
epifluorescence microscopy. Heterotrophic nanoflagellate
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Figure 1. Ice edge station, McMurdo Sound, 1990-1991. Seasonal
patterns of bacteria (squares) and heterotrophic nanoflagellates
(triangles) at 25 meters. Colonial forms of Phaeocystis pouchettli
were first abundant on 10 December 1990 and were rare by 10
January 1991 (arrows). (milliliter- 1 denotes per milliliter.)

ingestion of fluorescent particles was determined for several
types of particles (Sherr, Sherr, and Fallon 1987). To mimic
bacteria, fluorescently labeled bacteria (diameter 0.6-0.7 mi-
crometers) were prepared from Escherichia co/i minicells (Pace
et al. 1990). To examine size discrimination by heterotrophic
nanoflagellates, we measured ingestion rates of spherical flu-
orescent beads. We used 0.24- and 0.74-micrometer beads to
represent different sizes of bacteria and 2.4-micrometer beads
to represent small eukaryotes.

At a depth of 25 meters, bacteria and heterotrophic nanofla-
gellates had similar seasonal trends, tending to increase in
abundance from late November until late December/early Jan-
uary and subsequently declining through January (figure 1).
The heterotrophic nanoflagellate community was consistently
dominated numerically by small aloricate cells less than 5 mi-
crometers in diameter. Larger aloricate flagellates less than 10
micrometers in diameter and loricate choanoflagellates con-
stituted the remainder of the heterotrophic nanoflagellate com-
munity. Heterotrophic dinoflagellates were present in the
nanoplankton but are not included in our discussion of hetero-
trophic nanoflagellates.

Clearance rates of flagellates for 0.24- and 0.74-micrometer
beads ranged from about 0.1-0.6 nanoliters per cell per hour
and were higher for the larger flagellates (figure 2, A and B).
No consistent differences between clearance rates on 0.24- and
0.74-micrometer beads occurred for any size group, but neither
flagellate group ingested 2.4-micrometer beads (data not
shown).

Heterotrophic nanoflagellate ingestion of fluorescently la-
beled bacteria was measured about twice weekly between 10
December and 10 January. Small flagellate clearance rates for
fluorescently labeled bacteria ranged from .03-1.6 nanoliters
per cell per hour (ingestion rates of .01—.8 bacteria per hour),
and clearance rates of larger flagellates and choanoflagellates
were 0.3-7 nanoliters per cell per hour (ingestion rates of 0.2-
2.4 bacteria per hour).

We initially estimated community grazing from the abun-
dances of different heterotrophic nanoflagellate groups and the
grazing estimate for each group made at the point in time clos-
est to our sampling. Using this "time coordinated" approach,
we found that the grazing by heterotrophic nanoflagellates was
greatest during the Phaeocystis pouchettii bloom and that the
small <5 micrometer flagellates dominated bacterivory (figure
3, A), but the grazing rate of the heterotrophic nanoflagellate
community did not exceed 2 percent of the bacteria standing
stock throughout the season.

Our heterotrophic nanoflagellate grazing rates were often
substantially lower than reports for similarly sized temperate
heterotrophic nanoflagellates (Fenchel 1982a, 1982b; McManus
and Fuhrman 1988; Pace et al. 1990). This may reflect lower
temperatures, lower bacterial abundance or differences in spe-
cies composition in our study compared to previous studies,
but grazing rates on fluorescent particles may also underesti-
mate true grazing rates (McManus and Okubo in press). Hence,
we estimated the maximum grazing potential of each compo-
nent of the heterotrophic nanoflagellate community using the
highest clearance rate obtained in the study. The highest clear-
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Figure 2. McMurdo Sound, 1990-1991. Clearance rates of <5 mi-
crometer nanoflagellates (A) and >5 micrometer flagellates (B) for
0.24-micrometer beads (shaded bar) and 0.74-micrometer beads
(hatched bar) added at the same concentration on each date. On
29 December the two size categories were pooled to yield one
clearance rate estimate. Means ± range of duplicate samples.
(cell 1 hr 1 denotes per cell per hour.)

ance rates measured here were roughly equivalent to 10 body
volumes per hour and were, thus, comparable to the maximum
clearance rates of similarly sized temperate flagellates (Fenchel
1982a, 1982b; McManus and Fuhrman 1988).

Even using the maximum clearance rates, the grazing impact
of the heterotrophic nanoflagellate community was equivalent
to more than 20 percent of bacterial standing stock during only
late December and early January. Throughout the rest of the
season, heterotrophic nanoflagellate grazing was low (gener-
ally less than 10 percent of the bacteria standing stock each
day).

As in temperate regions, heterotrophic nanoflagellate appear
specialized for grazing on bacteria-sized particles. We found,
however, that the grazing impact of the heterotrophic nanofla-
gellate community was small during much, if not all, of the
summer season in McMurdo Sound.

We are grateful to M. Pace and E. Lin who provided E. coli
and detailed instructions for the preparation of fluorescently
labeled minicells. C. Miceli conducted preliminary fluores-
cently labeled bacteria experiments during an earlier field sea-
son. Assistance from T. Moisan, L. Davis, A. Michaels, and the
staff of the Eklund Biological Laboratory and the VXE-6 is also
gratefully acknowledged. Research supported by National Sci-
ence Foundation grant DPP 90-96155 to Mary Putt.
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Figure 3. Ice edge station, McMurdo Sound, 1990-1991. Grazing
impact of the >5 micrometer heterotrophic nanoflagellates and
the total heterotrophic nanoflagellate community on standing
stock of bacteria. Grazing estimates were based on heterotrophic
nanoflagellate abundance and clearance rates on fluorescently
labeled bacteria measured for each size category. In A, we used
the clearance rate for each group measured at the point in time
closest to when flagellate abundance was measured. In B, the
maximum clearance rate for each group measured during the sea-
son was used. Note different scales in A and B. Arrows indicate
period when colonial forms of Phaeocystis pouchettii were abun-
dant.
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