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Figure 1. A. Temperature (degrees Celsius), conductivity (siemens per meter), dissolved oxygen (milligrams
per liter) in the east lobe of Lake Bonney. B. Ammonium (micromolar), nitrate (micromolar), nitrite (micro-
molar) and nitrous oxide (micromolar-nitrogen) in the east lobe of Lake Bonney. Measurements made in
the austral summers between 1989 and 1991. The permanent icecap was approximately 4 m thick when
measurements were made. All depths are from the surface of the water within the sampling hole (that is,
piezometric level).
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p
ermanently ice-covered Lake Bonney presents a special
situation where turbulence and upper trophic levels are

virtually nonexistent. During our past studies on the photobi-
ology of both the east and west lobes of this lake (Priscu et al.
1990), we made preliminary vertical profiles of nutrients,
nitrous oxide, and bacterial number and activity. These data
reveal several unique features. First, greater than 250 micro-
molar nitrate and 30 micromolar nitrite exist in a region of the
east lobe which is apparently devoid of oxygen (figure 1A, B).
This is the first case, to our knowledge, of the existence of a
large nitrate pool in apparently anoxic water. Second, nitrous

oxide levels in the east lobe just below the chemocline reach
almost 40 micromolar nitrogen (figure 1B). This value exceeds
air saturation by over 500,000 percent and is the highest
recorded in a natural aquatic system. Lack of oxidized nitro-
gen (for example, nitrate, nitrite, nitrous oxide) in the anoxic
zone below the chemocline of the west lobe (figure 2A, B)
implies intense denitrification, which conforms to conven-
tional biogeochemical concepts for nitrogen within this lobe.

A tentative calculation of nitrous oxide diffusion across
the 20.5-meter (m) plane of the east lobe (using a molecular
diffusion coefficient of 10-6 square centimeter per second)

yields an upward flux of 1.2
micrograms nitrous oxide-
nitrogen per square meter per
day which, given the surface
area of the lake and assuming a
constant annual nitrous oxide
gradient, equates to about 1.3
kilograms (kg) nitrous oxide-
nitrogen per year. Our prelimi-
nary measurements of nitrous
oxide within the air above the
lake ice on the east lobe re-
vealed that they were about 40
percent greater than the global
average for nitrous oxide or
that measured over nearby
McMurdo Sound (Rasmussen
and Khalil 1986; Priscu et al.
1990) indicating that nitrous
oxide escapes from the lake
despite a permanent ice cap.
Although this is a small out-
ward flux relative to the global
annual production of nitrous
oxide (about 2x10 7 kg nitrous
oxide-nitrogen per year;
Thiemens and Trogler 1991), it
may have regional importance.

These unusual results
(from the east lobe), in concert
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with previous reports showing that nitrogen can limit phyto-
plankton growth during certain periods (Sharp and Priscu
1990), have led us to propose the following hypotheses:
• Regeneration of nitrate and nitrite by nitrifying bacteria

and ammonium by heterotrophs supports primary pro-
duction in the upper trophogenic zone whereas ammoni-
um diffusing upward across the chemocline supports the
majority of production in the lower trophogenic zone, par-
ticularly in the west lobe.

• Nitrous oxide is produced in the chemocline of both lobes
by nitrification and nitrifier denitrification (of nitrite). This
process is most pronounced in the east lobe.

• The nitrite maxima are the result of nitrification in excess
of denitrification.

• Nitrous oxide and nitrite levels in the chemocline of the
west lobe are considerably lower than in the east lobe
because they act as terminal electron acceptors for denitri-
flers in the former, that is, denitrification is not a sink for
nitrous oxide or nitrite in the east lobe.

• The production of nitrous oxide in the east lobe signifi-
cantly lowers upward diffusion of available "new" nitrogen
for phytoplankton primary production.

• Heterotrophic denitrification does not occur in the east
lobe whereas high rates of denitrification exist in the deep
waters (below 25 m) of the west lobe. The latter acts as a
major loss of nitrogen from the west lobe of the lake.

• Lake Bonney is an atmospheric source of nitrous oxide.
These hypotheses have formed the basis of our current 3-

year study on Lake Bonney. The available background data for
the two lobes of Lake Bonney, each of which has distinctive
characteristics with respect to nitrogen dynamics, indicate

that Lake Bonney provides an
ideal situation to test these
hypotheses. The purpose of
this report is to present some
of our preliminary results
(notably those for nitrous
oxide) and discuss them briefly
within the context of hypothe-
ses derived from them. This
article also serves as an intro-
duction to the reports of Ward,
Cockcroft, and Priscu (Antarc-
tic Journal, in this issue), Wool-
ston and Priscu (Antarctic
Journal, in this issue), and
Smith and Priscu (Antarctic
Journal, in this issue) which
address various aspects of the
proposed hypotheses.

B
Bartlett et al. (Antarctic

Journal, in this issue) describe
a number of techniques that

1	 had to be developed (to over-
TE; NITROUS OXIDE	come the high salt content

common to antarctic lakes) to
use nitrogen- 15 successfully as

an isotope for the measurement of nitrogen transformations
within Lake Bonney. Finally, Wing and Priscu (Antarctic Jour-
nal, in this issue) present results from a microbial community
we discovered within the permanent icecap of Lake Bonney.
We plan to propose further research to determine the biogeo-
chemical importance of this ice community to the lake
ecosystem.

Our study incorporates direct-rate measurements of all
major nitrogen transformations together with immunochemi-
cal and molecular probes for microorganisms responsible for
specific transformations. These techniques, together with
measurements of various nitrogen species within the lake over
time, will provide a better understanding of biological nitrogen
transformations in high-latitude aquatic systems and will
complement recent studies on nitrogen transformations in
arctic systems (Alexander, Whalen, and Klingensmith 1989).

This work was supported in part by National Science
Foundation grant OPP 91-17907 to John C. Priscu.
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Figure 2. A and B. As for figure 1 except for the west lobe of Lake Bonney.
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Nitrifying and denitrifying bacteria in Lake Bonney
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T
he chemical profiles and initial microbiological data col-
lected previously in Lake Bonney (Priscu, Ward, and

Downes, Antarctic Journal, in this issue) identified several
interesting features in the nitrogen cycle of the lake, raising
unusual questions. First,
nitrate (NO3) is present in high	 5
concentrations in the east lobe	NUMBER (X1O

of the lake, indicating that	0	4	8
although the water column is	U

apparently anoxic below the
chemocline, denitrification
does not occur. By contrast,
nitrate is depleted in the anox-
ic bottom waters of the west	1

lobe, indicating that denitrifi-
cation does occur there. Sec-
ond, nitrous oxide (N 2 0) is
present at extremely high 1ev- H 20
els just below the chemocline
in the east lobe yet much lower
concentrations are present in
the west lobe. N20 accumula-
tion at low (but nonzero) oxy-
gen levels is an indication of
nitrification (Cohen and Gor-
don 1978; Goreau et al. 1980).
Finally, bacterial numbers in
the east lobe show a discrete	40
maximum near 25 meters (m),	0	5
below the oxic/anoxic inter-	ACTIVITY (xlo
face, a feature not evident in
the west lobe of the lake (figure
1A and B). The distribution of
bacterial activity in the east

lobe measured by uptake of tritiated-thymidine (a measure of
heterotrophic bacterial activity) shows a somewhat typical
depth profile, in that it decreases with increasing depth and is
almost undetectable at the chemocline. Thus, the peak in bac-
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Figure 1. Depth distribution of bacterial abundance (cells per milliliter), bacterial activity (nanomoles of
thymidine per liter per day) and specific activity (nanomoles of thymidine per cell per day). Data were col-
lected 24-26 November 1992. Depths are referenced from the piezometric water level in the sampling
hole. A. East lobe. B. West lobe. C. East and west lobes.

ANTARCTIC JOURNAL - REVIEW 1993
239




