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The perennially ice-covered lakes located in the dry valleys
near McMurdo Sound are among the least turbulent aquatic
systems in the world. This is primarily due to ice cover, low
advective stream inflow, and strong vertical gradients in salin-
ity. Phytoplankton occur in highly stratified layers, are typically
dominated by flagellates, and show extreme physiological ac-
climation to their low irradiance environment (Lizotte and
Priscu in press).

Recent advances in photobiology suggest that both chloro-
phyll a concentration and primary production rates can be es-
timated from solar-induced fluorescence of chlorophyll a ("nat-
ural fluorescence") based on relatively simple relationships
(Kiefer, Chamberlin, and Booth 1989; Chamberlin et al. 1990).
This technique has great potential for extending temporal and
spatial resolution for measurements of phytoplankton biomass
and productivity beyond that possible with discrete water sam-
ples and standard methods. In remote aquatic systems, such
as the dry valley lakes, this method has several advantages.
Natural fluorometers could be deployed to collect data year-
round. The sensors are photodiodes, the system has no moving
parts, and the data can be stored electronically.

Our specific objective was to test the natural fluorescence
technique for various stratified phytoplankton populations in
the dry valley lakes. We measured natural fluorescence pro-
files, the phytoplankton variables relevant to models predicting
chlorophyll and production (Kiefer et al. 1989), chlorophyll a
concentrations, and primary production rates in Lake Bonney
(east and west lobes), Lake Hoare and Lake Fryxell. See papers
by Priscu, Neale and Priscu, Spigel et al., and Sharp and Priscu
(Antarctic Journal, this issue) for related studies.

Phytoplankton populations at piezometric depths of 4 to 20
meters were sampled through holes (0.25- to 1-meter diameter)
in the ice cover. Profiles of natural fluorescence (upwelling ir-
radiance at 683 nanometers) and scalar irradiance (400 to 700
nanometers) were measured with a Biospherical Instruments
PNF-300 profiling natural fluorometer. The depth sensor read-
ings were corrected for variations in salinity with depth (from
freshwater to approximately 3 times seawater) by comparison
with a marked line. Predictions of chlorophyll a concentration
and primary production rate based on natural fluorescence
rates were made using the models presented by Kiefer et al.
(1989). Quantum yield of photosynthesis was determined as
described in SooHoo et al. (1987) from measurements of pho-
tosynthetic efficiency, phytoplankton absorption spectra and
spectral irradiance. Photosynthesis-irradiance experiments
(carbon-14 incorporation) were conducted as described in Li-
zotte and Priscu (in press). Chlorophyll a concentration was

quantified by fluorometry of acetone extracts of particulate ma-
terial. The absorption spectra of phytoplankton (400 to 700 na-
nometers) was determined for material concentrated on What-
man CF/C filters (Mitchell and Kiefer 1988) corrected for
residual absorbance after extraction with methanol. Spectral
irradiance (400 to 700 nanometers) was determined with a Bio-
spherical Instruments MER-1000 spectroradiometer. For Lake
Hoare, we used the irradiance spectra reported by Palmisano
and Simmons (1987).

The 3.0 to 4.5 meters of ice cover on these lakes has one
obvious advantage for measurements of natural fluorescence:
red light is strongly attenuated by ice, effectively eliminating
contamination of the upwelling signal by backscattered sun-
light. In open waters, red light contamination can limit the
method to depths greater than 6 meters (Kiefer et al. 1989).
Profiles of natural fluorescence as a function of available irra-
diance closely traced chlorophyll a concentrations but with an
offset of approximately 1 meter (figure 1). This offset is due to
upwelling fluorescence, which can originate from several me-
ters below the sensor (Kiefer et al. 1989). Data for phytoplank-
ton from discrete depths were always compared with the nat-
ural fluorescence signal 1 meter above.

Chlorophyll a concentration can be predicted from natural
fluorescence based on the quantum yield of fluorescence and
the chlorophyll a specific absorption coefficient for the phyto-
plankton. These characteristics were determined for 17 phyto-
plankton samples (table), and average values for the quantum
yield of fluorescence (0.044) and the mean chlorophyll a specific
absorption coefficient (0.015) were used to predict chlorophyll
concentration for a larger set of natural fluorescence measure-
ments. Predicted values were significantly correlated with
measured chlorophyll concentrations (figure 2; n = 122,
r2 =0.772). Thus, natural fluorescence appears to be a applica-
ble technique for estimating chlorophyll a concentrations in
stratified phytoplankton populations of the dry-valley lakes.

Primary production rates can be predicted from natural flu-
orescence rates based on the quantum yield of photosynthesis
and the quantum yield of fluorescence, or a consistent ratio of
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Figure 1. Profiles of natural fluorescence per unit irradiance and
chlorophyll a concentration (milligrams per cubic meter) meas-
ured during December 1990. (m denotes meter. mg m 3 denotes
milligrams per cubic meter. nm denotes nanometer.)
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Chlorophyll a concentration, mean chlorophyll a specific absorption
coefficients, quantum yield of photosynthesis, and quantum yield of

fluorescence for phytoplankton from dry valley lakes

Lake	 Depth
(date, 1990)	(meters)	Chlorophylla a	ah2	QYCC	QYFd

Bonney (east)	4.5	0.91	0.013 0.0031	0.068
(25 November)	6	0.69	0.015 0.0024 0.071

10	0.61	0.017 0.0072 0.046

Bonney (east)	4.5	1.01	0.020 0.0018 0.020
(10 December)	6	0.68	0.016 0.0022 0.042

10	0.78	0.020 0.0041	0.037
17	0.71	0.015 0.036	0.023

Bonney (west)	4	1.21	0.019 0.0015 0.050
(1 December)	6	1.49	0.019 0.0032 0.022

8	1.39	0.019 0.0034	0.019
13	1.37	0.019 0.0068 0.043

Hoare	 5	0.57	0.017 0.0049 0.11
(8 December)	10	3.15	0.010 0.020	0.056

12.5	4.62	0.010 0.043	0.037

Fryxell	 5	3.33	0.017 0.0082 0.047
(7 December)	7	6.10	0.008 0.018	0.048

8.5	6.65	0.009 0.051	0.042

a In milligrams per cubic meter.
Specific absorption coefficients, in square meters per milligram of
chlorophyll.
Moles of carbon fixed per mole of photons absorbed.

d Moles of photons fluoresced per photon absorbed.

both quantum yields. When we used individual quantum yield
estimates for each phytoplankton population (table), the model
of Kiefer et al. (1989) predicted primary production rates similar
to measured values (figure 3A); however, predicted production
could not be reconciled with measured rates if average values
were assumed for the quantum yields (figure 3B), primarily
because of high variability in the quantum yield of photosyn-
thesis. Stratified phytoplankton populations in perennially ice-
covered lakes exhibited widely varying quantum yields for pho-
tosynthesis, a finding that probably reflects a high degree of
acclimation to particular conditions in each stable environment.

In general, the stratified phytoplankton populations in these
perennially ice-covered lakes most resemble the shade-accli-
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Figure 2. Chlorophyll a concentration (milligrams per cubic meter)
predicted from natural fluorescence as a function of measured
values (log scales). The line equals a slope of one.

1.0

measured production
Figure 3. Primary production rates (milligrams carbon per cubic
meter per hour) predicted from natural fluorescence as a function
of measured values (log scales): using quantum yields of photo-
synthesis and of fluorescence determined for each sample (A) and
using the mean values for the quantum yields of photosynthesis
and of fluorescence (B). The lines equal a slope of one.

mated phytoplankton found in many lakes and seas as "deep
chlorophyll maxima" (Lizotte and Priscu in press). Our results
suggest that simple natural fluorescence models, which have
yielded good estimates of chlorophyll concentration and pro-
duction in vertically mixed seas (Kiefer et al. 1989; Chamberlin
et al. 1990), may not be equally applicable to stratified phyto-
plankton populations. For the dry valley lakes, however, which
reportedly have few planktonic grazers, net primary produc-
tion could be estimated from changes in chlorophyll concentra-
tion measured continuously by natural fluorescence.

We thank Patrick Neale, Tom Sharp, Robert Spigel, and Ian
Forne for their assistance in the field. This work was supported
by National Science Foundation grant DPP 88-20591 to John C.
Priscu.
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Phytoplankton populations in Lake Bonney (Taylor Valley)
live below 4.5 meters of perennial ice cover, which reflects or
absorbs all but a small portion of incident light and prevents
wind-induced mixing. Given the low advective streamfiow and
strong vertical density gradients, turbulence is virtually absent,
and the flagellate populations in this lake are highly stratified
along the depth gradients in light, temperature, salt, and in-
organic nutrients.

Study of these photobiologically interesting phytoplankton
populations is hampered by their relative inaccessibility during
much of the year. Our objective was to determine if instruments
measuring solar-induced chlorophyll fluorescence emitted by
phytoplankton ("natural fluorescence") constitute a practical
means of monitoring biomass and production in Lake Bonney
when direct sampling of the lake is difficult. The estimation of
photosynthesis from fluorescence is based on the hypothesis
that the efficiency of light absorption is a primary factor gov-
erning the quantum yield of photosynthesis as well as the quan-
tum yield of fluorescence, so that the latter may be an index of
the former. Although much is known about how photosyn-
thesis of natural populations varies as a function of light inten-

sity (the photosynthesis-irradiance curve), little is known about
how irradiance affects the fluorescence yield in natural popu-
lations. Here, we present preliminary results on the variation
of fluorescence yield of Lake Bonney phytoplankton in vitro and
discuss approaches used to estimate primary productivity from
natural fluorescence. In situ measurements of natural fluores-
cence and other bio-optical parameters are presented in a sep-
arate contribution (see Lizotte and Priscu, Antarctic Journal, this
issue).

A 10-liter sample was taken by lowering a Niskin bottle
through a drill hole in the ice cover. The sample was stored in
the dark at ambient temperature. After at least 30 minutes of
dark-adaptation, a 1-liter aliquot was placed in a clear polycar-
bonate container and the Lu 3 (chlorophyll fluorescence) sensor
of a Biospherical Instruments PNF-300 profiling natural fluo-
rometer was positioned directly over the uncovered top of the
container. The container was then illuminated by a halogen
projector (500-watt) source filtered through two blue-green
(Corning 4-97) filters and one or more nickel screen neutral
density filters. Chlorophyll radiance was corrected for a back-
ground measured on filtered lake water and divided by scalar
irradiance to estimate a relative fluorescence quantum yield.
An example measurement for phytoplankton sampled at a pie-
zometric depth of 4.5 meters on 20 November 1990 is presented
in figure 1. At steady low irradiance (<6 micromoles of photons
per square meter per second), light limiting for photosynthesis
(Lizotte and Priscu 1990), fluorescence yield was constant.
However, at irradiances near or above the threshold of light
saturation of photosynthesis (ikF 15-40 micromoles of photons
per square meter per second, Lizotte and Priscu 1990), fluores-
cence rose to a peak and then rapidly declined to a new steady
state (Fe) after approximately 5 minutes of illumination. Also
shown in figure 1 is the fluorescence transient that occurs when
the herbicide dichlorophenyl-dimethyl urea (DCMU) is added.
There is an immediate fluorescence yield increase from F to a
maximum yield (F,). At increasing irradiance, there is a decline
in both F and F, as well as in the difference F, - F, the steady-
state variable fluorescence.

A decline in fluorescence yield ("quenching") as irradiance
increases has been explained through mechanisms that dissi-
pate absorbed light energy in excess of that needed for steady-
state photosynthesis by releasing heat (Genty, Briantais, and
Baker 1989). As more energy is directed toward heat, propor-
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