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The underwater environment of the antarctic dry valley lakes
is an exception to the usual paradigm concerning the light
regime of planktonic microalgae. Phytoplankton are thought
to experience light variability on a range of time scales related
to the vertical mixing rate; the physiology of the photosynthetic
response has been interpreted to reflect this environmental
variability. It is presumed, however, that the phytoplankton
in the dry valley lakes, which have been shown to be highly
shade-adapted (Priscu et al. 1987), live in an environment of
extreme constancy of light intensity and spectral quality, at
least with respect to the time scales of phytoplankton growth.

We are currently conducting a 3-year project based on the
general hypothesis that the hydraulically stable water column
in antarctic dry valley lakes lets the phytoplankton optimize
photosynthetic performance by allowing them to adjust pre-
cisely the physiology of their photosynthetic apparatus to ir-
radiance of a specific intensity and spectral quality. Most field
studies of the influence of vertical mixing on phytoplankton
photoadaptation are based on organisms with unknown light
histories (i.e., vertical mixing rates are unknown and inher-
ently difficult to quantify). The vertically stable populations in
permanently ice-covered antarctic lakes will allow us to ex-
amine the photophysiology of natural phytoplankton popu-
lations with known light histories both in situ and when exposed
to simulated light fluctuations. Because these populations are
stable in space, they provide a model system for studying
photoadaptation as it occurs over the growing season.

Specific components of our project examine:
S the stability of the physical environment,

• habitat preferences for distinct vertically stratified popula-
tions,

• time kinetics of photoadaptation,
• diel oscillations of photosynthesis and photoadaptation un-

der the continuous but variable diel light regime,
• photoadaptive responses of populations exposed to a sim-

ulated turbulent environment, and
• physiological mechanisms responsible for observed photo-

synthesis vs. irradiance patterns.
The purpose of this article is to present background infor-
mation the vertical and temporal distribution of phytoplankton
photosynthesis and biomass for our primary study site. Other
articles presented in this issue by members of the research
team address the specific objectives listed above (Lizotte and
Priscu; Neale and Priscu; Spigel, Sheppard, and Priscu; Sharp
and Priscu; Antarctic Journal, this issue).

Our primary study site is the east lobe of Lake Bonney (77°43'S
162°23'E), located in the Taylor Valley of southern Victoria
Land. The lake has a surface area of 2.87 square kilometers, a
maximum piezometric depth of 35 meters, is anaerobic below
about 20 meters, and is permanently covered with about 4
meters of ice. It is fed by several glacial meltstreams entering
at various points. These streams flow only for about 4 weeks
during the austral summer; the lake lacks a surface outflow.

Diel vertical profiles of photosynthesis measured during De-
cember 1989 showed three distinct maxima (figure); the highest
rates occurred just beneath the 4.2-meter ice cap followed by
peaks at 10 and between 17 to 18 meters. The deep maximum
occurred in the region of the chemocline (Spigel et al., Antarctic
Journal, this issue) which formed the bottom of the trophogenic
zone at approximately the depth of 1 percent of surface-light
penetration (no photosynthesis could be measured below 20
meters). Integrated water-column photosynthesis was greatest
during the 0645-1456 hour incubation period (61 percent of
total) followed by the 1503-2317 hour (22 percent of total), and
the 2324-0703 hour (17 percent of total) incubations (table).
The integrated rates were closely correlated with solar irradi -
ance reaching the lake. This trend in diel photosynthesis was
similar during experiments conducted in November and Jan-
uary (table).

The photosynthetic maxima reflected the vertical distribu-
tion of chlorophyll a at all times of the 24-hour period (figure).
Photosynthesis/chlorophyll a ratios were greatest below 10 me-
ters indicating higher photosynthetic efficiency by the deep-
living phytoplankton in Lake Bonney. Experimental data to
support this contention are presented elsewhere in Antarctic
Journal, this issue (Lizotte and Priscu; Neale and Priscu).

One note of caution: the photosynthetic rates presented in
this article should be considered tentative for samples from 10
meters and deeper due to a discrepancy in determining dis-
solved inorganic carbon (an important scaling factor in deriving
photosynthetic rates from measurements of carbon-14-bicar-
bonate uptake). We estimated dissolved inorganic carbon con-
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Depth (meters) profiles of photosynthesis (micrograms carbon per
liter per hour) and chlorophyll a (micrograms chlorophyll a per liter)
showing diel patterns In Lake Bonney (east lobe). Data are from
12-13 December.

centrations from measurements of total alkalinity. Preliminary
studies indicate that this method may overestimate concen-
trations at high salinities; thus, we may be overestimating pho-
tosynthetic rates by as much as 50 percent in deeper populations.
We hope to study this problem in more detail next season.
Decreasing our estimates of photosynthetic rates by 50 percent
would not effect the overall conclusions we have stated re-
garding physiological differences between phytoplankton at
different depths.

This preliminary data set shows that the phytoplankton in
Lake Bonney form, and maintain, three distinct layers above
the chemocline. Photosynthesis in each of these layers appears
to be adapted to the ambient irradiance regime and may be
regulated to some degree by temperature (Lizotte and Priscu,
Antarctic Journal, this issue) and nutrients (Sharp and Priscu,
Antarctic Journal, this issue). Integral chlorophyll a concentra-
tion increased during our study indicating that phytoplankton
growth exceeded losses, at least during our period of inves-
tigation. Well-established phytoplankton populations ob-
served in November indicate that substantial growth had

Diel measurements of integrated photosynthesis (5 to 20 meters;
milligrams carbon per square meter per incubation), daily

integrated photosynthesis (milligrams carbon per square meter
per day), percent of daily integrated photosynthesis and

integrated chlorophyll a (5 to 20 meters, milligrams chlorophyll a
per square meter) at various times of the year. All data from the

1989-1990 austral summer. (NA denotes not applicable.)

Photosynthesis	Chlorophyll
Time	 Integrated	Percent	Integrated

21-22 November
1250-1934	 5.9	50.2	8.5
1934-0250	 0.7	 6.4	6.5
0255-1155	 5.1	43.4	6.9
Daily	 11.7	100	 NA
12-13 December
0647-1456	 11.8	60.9	10.3
1503-2317	 4.2	21.9	13.5
2324-0703	 3.3	17.2	12.5
Daily	 19.4	100	 NA
3-4 January
0620-1508	 11.6	72.5	10.9
1512-2258	 3.4	21.2	11.6
2304-0628	 1.0	 6.3	12.3
Daily	 16.0	100	 NA

occurred in the early austral spring before sampling was lo-
gistically possible.

This work was supported in part by National Science Foun-
dation rant DPP 88-20591 to J.C. Priscu.
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