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Within the past decade, the classical view of a phytoplankton
community in the southern ocean being dominated by large
cells has changed (Gieskes and Elbrachter 1986; Weber and El-
Sayed 1987; Hewes et al. 1990; Rivkin in press and references
cited therein). Phytoplankton smaller than 20 micrometers can
account for 50 to 80 percent of the biomass and primary pro-
duction in antarctic waters (Gieskes and Elbrachter 1986; Weber
and El-Sayed 1987; Hewes et al. 1990). In addition, photosyn-
thetic picoplankton (procaryotic algae less than 1.0 micrometer
in diameter) were reported from Davis Station (Walker and
Marchant 1989) and the southern ocean (Marchant, Davidson,
and Wright 1987). Their abundances were directly related to
water temperature (Marchant et al. 1987) and were 1 to 3 orders
of magnitude lower than in temperate and tropical oligotrophic
oceanic regions (Platt and Li 1986).

The size distribution of organisms is crucial in evaluating
both the structure and trophic dynamics of a planktonic com-
munity and the energetics of individual grazers. For example,
the larger the size of prey at the beginning of the food chain,
the fewer trophic levels that are required to convert primary
production to "whales and seals." Furthermore, the biochem-
ical content and subsequent nutritional value to a grazer of
individual picoplankton or bacterial cells would be significantly
less than that of larger cells. Hence, any comprehensive study
of the ecology and in situ bioenergetics of planktonic grazers
requires that the abundance, size distribution, and chemical com-
position of potential prey be determined. Our efforts are part of
a multidisciplinary study of the distribution, ecology, and nu-
trition of planktotrophic echinoderm larvae in McMurdo Sound,
and we report here on the distribution and abundance of bacteria
and several size classes of phytoplankton.

Water samples were collected throughout the 40-meter water
column at our field station located approximately 8 kilometers
north of McMurdo Station. Vertical profiles of chlorophyll a,
bacterioplankton, and samples for plankton enumeration and
identification were collected from mid-September through mid-
December 1989. Chlorophyll a was measured fluorometrically:
samples were size fractionated by collecting particulates di-
rectly onto 25 millimeter Whatman GF/F filters (total), or pre-
screened water through either 10-micrometer Nitex screening
(less than 10 micrometers) or 1.0-micrometer Nuclepore filters (less
than 1.0 micrometer) prior to collection onto Whatman CF/F filters
(Rivkin et al. 1989). Bacteria and phytoplankton samples were
preserved with glutaraldehyde (1 percent final concentration).
Bacteria were stained with acridine orange, collected onto 0.2-
micrometer membrane filters and counted by epifluorescence

microscopy (Hobbie, Daley, and Jasper 1977). Procaryotic pi-
coplankton (less than 1.0 micrometer) were collected onto 0.4-
micrometer membrane filters, identified by their phycoerythrin
autofluorescence and counted using a Zeiss Axiophot epiflu-
orescent microscope.

On all dates sampled, bacteria and phytoplankton were uni-
formly distributed throughout the water column. Hence, the
data presented in this article are for samples collected from 20
meters. Bacterial abundances varied from approximately 1 x 10
to 6 x 107 cells per liter between mid-September and mid-De-
cember (figure 1, block A). These are 1 t 2 orders of magnitude
lower than in temperate oligotrophic oceans (Fuhrman et al.
1989) but similar to that reported for McMurdo Sound (Rivkin
et al. 1989; Rivkin in press). Although there was a large amount
of detrital material in our samples, attached bacteria and bac-
terial aggregates were not observed.

Phytoplankton biomass was less than 10 nanograms chlo-
rophyll a per liter from mid-September until mid-November
and increased to approximately 30 nanograms per liter by mid-
December (figure 1, block B). Approximately 40 to 80 percent
(with an average of 60 percent) and 20 to 60 percent (with an
average of 40 percent) of the chlorophyll a was associated with
less than 10-micrometer- and less than 1.0-micrometer-sized
phytoplankton, respectively (figure 2, block A).

Phycoerythrin-containing procaryotic picoplankton (i.e., Sy-
nechococcus) were present at approximately 103 to 104 cells per
liter. This is the first report of phycoerythrin-containing pi-
coplankton in McMurdo Sound.
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Figure 1. Seasonal patterns of (A) bacteria and (B) chlorophyll a
and phaeopigments in the plankton of McMurdo Sound, Antarctica,
during the period from September to December 1989. (L 1 denotes
per liter.)

-J
a
.c
U
0

10 7

50

40

30

20
0
C

10

Sept	Oct	Nov	Dec

•—I; Chlorophyll a
0- – 0; Phaeopigments

s oc?	0, '
0- -0

0• O Q	 0'••	
CD'

1990 REVIEW
	 195



100

800

>..-c
0.
e 60
0
-c
0
•	40
Q)
U
a)
0 20

0-I;<1.0um	0--0;(10ii'n	A
.0%

•0	 1-00 '
I 
0 I	/	 I	\

0	/ •\	0 I
00/

• /	

\'	!.0

I \ •• •j

data). The abundance of potential prey for planktotrophic echi-
noderm larvae in McMurdo Sound during the study period
was low. Furthermore, approximately 60 percent of the chlo-
rophyll a was less than 10 micrometers. In McMurdo Sound,
where net-plankton abundances are very low and highly sea-
sonal, planktotrophs must have the capability to ingest a large
range of cell sizes to obtain adequate nutrition.

This project was supported by National Science Foundation
grant DPP 88-20132 to R.B. Rivkin.
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Figure 2. Seasonal patterns of (A) less that 1.0 micrometer and less
than 10 micrometer chlorophyll a (expressed as a percent of total
chlorophyll a; see figure 1, block B) and (B) less than 1.0 micrometer
phycoerythrin-containing picoplanktonic cyanobacteria (procar-
yotes) and less than 3.0 micrometer procaryotic and eucaryotic
algae in the plankton of McMurdo Sound, Antarctica, during the
period from September to December 1989. (L 1 1 denotes per liter.
p.m denotes micrometer.)

The mid-December chlorophyll a concentrations in 1989 were
approximately 5 to 10 times lower than those we measured in
the central basin of McMurdo Sound, about 10 kilometers west
of Tent Island in 1985 (Rivkin in press). Our 1989 field station
was over a relatively shallow water column and was not within
the main southward current flow from the Ross Sea.

The rates and patterns of particle ingestion by invertebrate
larvae are taxa-specific and are influenced by the size, abun-
dance and chemical composition of prey (Strathmann 1987).
Temperate invertebrate larvae can ingest eucaryotic phyto-
plankton, photosynthetic picoplankton and bacteria (Strath-
mann 1987; Gallager 1988; Baldwin and Newell, unpublished
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