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Lake Bonney and other perennially ice-covered lakes located
in the dry valleys near McMurdo Sound are among the most
hydrodynamically stable systems known. The plankton of these
lakes are entirely microbial, primarily algae and bacteria. Phy-
toplankton populations are highly stratified in vertical space and
are typically dominated by flagellates. These phytoplankton show
extreme physiological acclimation to their low irradiance environ-
ment (Lizotte and Priscu 1991, 1992; Neale and Priscu 1991).

Pigment signatures can be used to chemotaxonomically deter-
mine the relative biomass associated with major groups of phy-
toplankton based on the abundance of specific accessory pig-
ments. Past studies of taxonomic composition in the dry valley
lakes have been based on microscopic examination, but results
have not always been quantitative, and different results have
been reported from studies on fresh-filtered samples (Koob and
Leister 1972) and preserved water samples (e.g., Parker et al.
1982). Furthermore, comparisons between pigment analyses and
microscopic enumeration (from preserved samples) have shown
that some phytoplankton groups can be greatly underestimated
by the latter method (Gieskes and Kraay 1983). Over three field
seasons, we collected samples for both the analyses of pigment
compositionby high-performance liquid chromatography (HPLC)
and microscopic enumeration from preserved water samples.
Our objective was to determine the vertical distribution of phy-
toplankton in the stratified waters of the dry valley lakes. If a
single species dominates a particular depth strata, we may then
be able to use pigment ratios or cellular concentrations to give
more detail to our concurrent studies on the photophysiology of
these unique phytoplankton populations (Lizotte and Priscu
1991, 1992; Neale and Priscu 1991; Sharp and Priscu; Priscu).

In this report, we will discuss pigment profiles from Lake
Bonney (east lobe) collected during the 1990-1991 field season.
Water from piezometric depths of 4 to 20 meters was sampled
through holes (0.25 to 1 meter in diameter) in the ice cover.
Particulates were collected on glass-fiber filters (Whatman GF/
C) and placed immediately into liquid nitrogen. Pigments were
extracted from filtered samples with acetone. Extracts were in-
jected into Waters HPLC system consisting of a C-8 reverse-phase
column, two pumps, a photodiode array detector, and fluorim-
eter. Pigments were separated with a linear gradient from 60
percent acetone/40 percent aqueous ion-pairing solution to 100-
percent acetone over 20 minutes. Phytoplankton subsamples
were preserved with 1 percent Lugol's solution, settled, and
counted with an inverted microscope.

Profiles of chlorophyll a (a pigment common to all algae) and
the major diagnostic accessory pigments in Lake Bonney show
three distinct maxima (figure). Immediately below the ice,
alloxanthin coincides with chlorophyll a, implying that algae of the
Cryptophyceae are dominant. This corresponds with the presence of

cryptophyte-type flagellates previously identified as Chroomonas
lacustris (e.g., Parker et al. 1982). At intermediate depths, the
fucoxanthin peak corresponds with the presence of flagellates
identified as Ochromonas sp., suggesting algae of the Chrysophyceae
are dominant. The deepest peak in chlorophyll a (18 meters)
followed an increase in chlorophyll b, suggesting the dominance of
algae of the Chlorophyceae. The chlorophyll  peak coincides with the
presence of flagellates previously identified as Chiamydomonas
subcaudata (e.g. Koob and Leister 1972; Parker et al. 1982).

Seasonal trends in pigments show that the under-ice
cryptophyte community peaked during the austral spring while
deeper populations of chrysophytes and chlorophytes continued
to grow into the summer. The profiles for fucoxanthin indicate
that flagellated chrysophytes may have moved up the water
column before forming a distinct peak at 12 meters. The strong
gradients in salinity and temperature above 12 meters (e.g., Spigel
et al. 1991) may present a limit to further upward migration.

Comparisons madebetweenpigmentprofiles and phytoplank-
ton cell counts in the ocean have shown that cryptophyte algae
may be underestimated by the latter method (Gieskes and Kraay
1983). Our cell counts imply that the biovolume of cryptophytes
was no higher than that of chiorophytes (Chiamydomonas) imme-
diately below the ice (Sharp unpublished data), whereas pigment
analysis showed a clear cryptophyte signature and little or no
chiorophyte indicator pigments (chlorophyll b in figure). The
upper water columns of Lake Hoare and Lake Fryxell (in the same
valley as Lake Bonney) also had pigment signatures indicative of
cryptophytes (Lizotte unpublished data). Because of the poten-
tial errors associated with cell preservation, pigment analysis
gives us the first clear, quantitative picture of the relative abun-
dance of phytoplankton in the dry valley lakes.
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Phytoplankton biomass within the dry valley lakes adjacent to
McMurdo Sound is surprisingly high despite photosynthetic
rates that are light-limited (Priscu et al. 1987; Priscu 1989; Lizotte
and Priscu 1992). Presumably, the accumulation of phytoplank-
ton biomass in these systems is the result of low loss rates. Losses
to grazing are minimal owing to the virtual lack of crustaceous
zooplankton and phytoplankton sinking is also assumed to be
low because most of the species in the lakes are flagellated and
thus capable of maintaining themselves at specific depths (Priscu
et al. 1990b; Lizotte and Priscu 1992a,b). Because grazing and
sinking losses are potentially low in these systems, I conducted
experiments to determine if bacterial decomposition of phytoplank-
ton may be a significant sink for phytoplankton organic matter.

Potential decomposition rates of phytoplankton in the east
lobe of Lake Bonney were determined by measuring the rate of
14CO2 released from phytoplankton labeled with carbon-14. Equi-
librium labeling was obtained by incubating phytoplankton col-
lected immediately under the ice cap with saturating light (ap-
proximately 100 micromoles of quanta per meter squared per
second) for up to 4 days with NaH 14CO3. Equillibrium labeling of
the major photosynthetic end-products has been shown to occur
within 24 hours (Priscu et al. 1987). A known amount (in terms of
activity and biomass) of labeled phytoplankton was concentrated
onto Whatman CF/C glass-fiber filters, which were air-dried
then suspended in gas-tight vials containing 10 milliliters of lake
water from selected depths. 14 2 released via decomposition of
phytoplankton was trapped on an ethanolamine-saturated glass-
fiber filter placed within each vial. Parallel samples treated with
5 percent formalin (final concentration) were used to correct for
4CO2 release unrelated to decomposition.

Results from decomposition experiments conducted in 1990
and 1991, along with corresponding phytoplankton primary

productivity and chlorophyll  profiles, are presented in figure 1.
Decomposition rates were always highest just beneath the per-
manent ice cap and declined with depth in the trophogenic zone
(zone where primary productivity occurs; just beneath the ice to
about 20 meters). Average decomposition rates within the
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Figure 1. Profiles of decomposition rates (percent per day), primary
productivity (micrograms carbon per liter per day), and chlorophyll
(micrograms per liter) on 12 November 1990 and 10 October 1991 in
the east lobe of Lake Bonney. The horizontal lines below the date
denote the bottom of the ice.
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