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The ice-free valleys of southern Victoria Land contain a variety
of perennially ice-covered lakes. Lake Fryxell (7535'S 16335E)
is a closed basin lake (no outflow) in the lower Taylor Valley with
a surface area of 7 square kilometers (Lawrence and Hendy 1985),
a maximum basin depth of 18.7 meters, and a center-ice thickness
of 4.5 meters. While light is greatly attenuated by the ice, enough
penetrates to the water column to support active photosynthetic
communities (Vincent 1981; Priscuetal. 1987; Priscu 1989; Seaburg
et al. 1983). The central basin of Lake Fryxell supports some of the
highest rates of carbon fixation for McMurdo Dry Valley lakes
(Vincent 1981), which, coupled with the virtual absence of plant
production in the watershed—hence limited input of
allochthonous organic matter (Matsumoto et al. 1989; Aiken et al.
1991; McKnight et al. 1991)—results in an active carbon cycle
dominated by internal cycling. The lake ice cover also affects
carbon cycling within the lake by preventing wind-driven mix-
ing. In the central basin of Lake Fryxell, the water column appears
to be density stratified and amictic below a depth of 6 to 7 meters
(figure 1 Lawrence and Hendy 1985), with dissolved constituents
moving via diffusion.

The end-product of the phytoplankton production and the
amictic water column is an aerobic euphotic zone (5-9.5 meters) and
anoxic bottom waters resulting from the vertical transport and
subsequent decay of particulate organic matter. The anoxic basin
covers about 2.2 square kilometers or about one-third of the lake
area. Unlike a well oxygenated water column, the redox stratified
waters of Lake Fryxell allow for carbon mineralization through a
diversity of terminal electron acceptor pathways (figure 2).

Despite many studies of the rates and controls of photosynthe-
sis in these lake ecosystems (Vincent 1981; Priscu 1989; Koob and
Leister 1972), almost none have addressed the rates and path-
ways of mineralization of the organic matter produced. The
primary focus has been on nutrient transformations using in situ
incubations (Vincent et al. 1981) or geochemical modeling
(Canfield and Green 1985).

We are developing a carbon balance for Lake Fryxell based
upon both in situ and modelled rates of organic matter turnover.
Aerobic respiration of the water column was determined using
bottle incubations: in situ with pulsed oxygen electrodes (Endeco,
Inc.) and in laboratory (with poisoned controls) at in situ tempera-
tures using electrodes (Orbisphere) and Winkler titrations. Deni-
trification has yet to be measured directly, but appears low
because of the low concentration of dissolved nitrate (figure 2)
consistent with the lack of a N 2 or nitrous-oxide signal in dis-
solved gas profiles and undetectable nitrous-oxide evolution in
the presence of C 2H2 (data not shown). Sulfate reduction in the
water column was determined using a chromium reduction
method (Howes et al. 1984) to recover microbially transformed
15SO, from reduced pools and measured SO4 pools. Methane
production modelled from methane profiles was determined by

head space stripping of lake water and determination by gas
chromatography (FID).

Aerobic respiration is the dominant respiratory pathway in the
central basin of Lake Fryxell. Rates varied with depth in each year,
with a broad maximum extending throughout most of the euphotic
zone (figure 3a), yielding an annual integrated rate of 2,900 mmol
m 2yr1 . Although this rate may be an over estimate, the in situ and
laboratory methods yielded similar values in both years.

Combining rates of sulfate reduction in the water column
(figure 3a) and sediments (Howes and Smith 1990), the annual
areal rate (2C = iSO4) is 150 mmol C m-2yr1 . While calculations
based on S' diffusion did not predict a significant watercolumn 5=
source (Howes and Smith 1990), the modelled rates are low
because they do not include the high rates of SO 4 reduction and
S oxidation associated with carbon fixation measured below the
interface.

Unlike less biogeochemically active elements (e.g., sodium,
chlorine, magnesium, calcium, etc.) (Green et al. 1988; Lawrence
and Hendy 1985), which have potential lifetimes in the water
column of thousands of years, the major Spools are cycling much
more rapidly, with the dissolved S= and SO4 pools turning over
about once every hundred years (9.5-18.5 meters) at constant
reduction rates.

Vertical distribution of sulfate reduction in Lake Fryxell is
similar to the Black Sea (Albert et al. in press), however, because
of high (504=) and rates of delivery of organic matter to the
sediments, water column and sediment rates are about equal on
an areal basis. In contrast, Lake Fryxell sediments account for
only about 5 percent of the total in spite of the much shallower
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Figure 1. Depth profiles of temperature and salinity, December 1991.
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water depth (18 vs. 2100 meters). This difference is most likely
because of the influx of organic matter, and secondarily because
of the limitation of sulfate, since the energy flow through sedi-
ment-sulfate reduction plus methanogenesis is still a small per-
centage of the water column sulfate- reduction rate.

Because of the amictic and low sulfate bottom waters (figure
2), rates of methanogenesis can be accurately measured by diffu-
sion modelling. The flux from the sediments is 22 mmol C m-2yr1;
enrichment studies suggest this is about 80 vs. 20 percent through
carbon-dioxide reduction vs. acetate fermentation (Smith et al.
submitted). Methane represents a small proportion of the total
carbon cycle (less than 0.5 percent), but is a mechanism (like S=)
for recycling energy to the upper water column to support
anaerobic and aerobic microbial processes. Methane consump-
tion in Lake Fryxell appears to be primarily anoxic, possibly
linked to sulfate reduction with little reaching the oxic zone
(figure 3a Reeburgh 1980, Iversen and Jorgensen 1985).

An unexpected finding was the apparent "gap" in carbon
mineralization from 9.5-10.5 meters (figure 3a) where bacterial
numbers, turbidity, and energy-charge ratios suggest the highest
concentration of microbial activity (Smith and Howes 1990). As
this interval coincides with the dissolved iron (figure 3b) and
manganese maxima (Harnish et al. 1991), we predict an active
metal cycle associated with microbial iron (and possibly Mn)
reductions at these depths. Significant rates of iron reduction
have been reported in seasonally ice-covered antarctic lakes
(Ellis-Evans and Lemon 1989).

Overall, the total rates of organic matter mineralization are
similar to organic matter input through photosynthesis (Vincent
1981); however, given the limited temporal coverage of extant
productivity data, an exact comparison is not possible at present.
There was a gradient of decreasing carbon mineralization with
increasing distance from the euphotic zone. The finding that over
90 percent of the organic matter entering the water column is
degraded aerobically is consistent with the density stratified
water column and the apparent absence of pellet-forming graz-
ers. Both features tend to maintain decomposing phytoplankton
particles within the water column and decrease the role of the
sediments in organic-matter cycling.
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Figure 3(A). Depth profiles of water column oxygen uptake and sulfate reduction. Aerobic respiration is mean of 1990 and 1991 measurements
± S.E. Line represents the running mean of three separate studies of water column sulfate reduction. SED is mean of sulfate reduction in
sediments collected In 1988 (Howes and Smith 1990). Line represents running mean based on all points of three. (B) Depth profiles of water
column methane and dissolved Iron concentrations. Horizontal line represents aerobic/anaerobic Interface.
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