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In situ inhibition of primary production due to
ultraviolet radiation in Antarctica

E. WALTER HELBLING, VIRGINIA E. VILLAFANE, and OSMUND HOLM-HANSEN, Polar Research Program, Scripps Institution of
Oceanography, University of California at San Diego, La Jolla, California 92093-0202

I
nhibition of photosynthesis due to ultraviolet radiation
(UVR) in antarctic phytoplankton has been documented by

many authors (see Weiler and Penhale 1994). Most of these
studies have used temperature-controlled incubators in which
phytoplankton are exposed to either solar radiation or to UV-
visible radiation provided by lamps. Although such experi-
ments are invaluable for determining the effects of solar radia-
tion on the metabolic activity of phytoplankton, they suffer
from the fact that the cells will not be exposed to the same
spectral irradiance that they would experience at various
depths in the water column. The use of in situ incubations of
natural phytoplankton assemblages provides the most direct
and most realistic procedure to determine the effect of solar
UVR on rates of primary production. In this paper, we report
preliminary data obtained from such in situ incubations car-
ried out from October through December 1993 at Palmer Sta-
tion (64.7°S 64.1°W) on Anvers Island, Antarctica.

Radiation measurements of surface solar irradiance were
done using a PIJV-510 spectroradiometer (Biospherical Instru-
ments, Inc.) and of attenuation of solar radiation in the water
column [surface to 100 meters (m)] using a PUV-500 spectro-
radiometer. Both of these instruments have four channels for
UVR [305, 320, 340, and 380 nanometers (nm)] and one chan-
nel for photosynthetic available radiation (PAR; 400 to 700
nm). The underwater unit also has sensors for depth and tem-
perature, in addition to a sensor for 683-nm upwelling radia-
tion. This combination of sensors allows estimation of the
instantaneous rate of photosynthesis (Chamberlin et al. 1990).
Data from each channel in the surface unit were recorded
every minute on a 386 computer, whereas data from all chan -
nels in the underwater unit were displayed in real time and
stored (once every second) on a laptop computer.

Water samples were obtained at different depths at one
station in Arthur Harbor using a 5-liter Go-Flo bottle. From
each of the eight depths, replicate samples were placed in 50-
milliliter tubes for three different spectral treatments:

quartz tubes (PAR4JV-A+UV-B),

•Pyrex tubes covered with a Mylar sheet (PAR+UV-A), and
• Pyrex tubes covered with Plexiglas UF-3 (PAR).
The samples were inoculated with 5 microcuries of carbon-14
bicarbonate (Steemann Nielsen 1952) and were placed on
trays that were deployed at the same depths from which the
samples had been obtained. The incubations lasted for 6-8
hours (centered on local noon), and the carbon-14 incorpora-
tion into the particulate fraction was measured by standard
liquid scintillation techniques.

Samples were also taken for chlorophyll-a (chi-a) analy-
sis, which was done by fluorometric methods (Holm-Hansen
et al. 1965; Holm-Hansen and Riemann 1978). In addition,
samples were taken and fixed in buffered formalin for deter-
mination and enumeration of phytoplankton species using an
inverted microscope.

Representative profiles of the optical characteristics of
the upper water column are given in figure 1A. The attenua-
tion coefficients of the four UVR wavelengths were 0.25, 0.21,
0. 18, and 0.12 per meter for 305, 320, 340, and 380 rim, respec-
tively. The 1 percent irradiance level for PAR was at about 46
m; an increase in the attenuation coefficients for both PAR
and UVR at 380 nm is noticeable between 5 m and 10 m. This
change in the attenuation coefficient for PAR between 5 m
and 10 m is related to the increase in chl-a concentrations
between the surface (approximately 0.4 milligrams of chl-a
per cubic meter) and at 10 m depth (more than 3 milligrams
of chl-a per cubic meter). The instantaneous rate of photo-
synthesis (data from the PUV-500) also showed a peak at
about 10 m, with values of more than 800 nanomoles carbon
per cubic meter per second (figure 1B). Below this depth, both
chl-a and rates of photosynthesis decreased rapidly. The phy-
toplankton crop at all depths was dominated by cryptophytes.

Data in figure 2 show the results from the in situ incuba-
tions for the same station mentioned in figure 1. The change
of rate of carbon fixation with depth resembled the change
shown by instantaneous production (determined from 683-
nm upwelling radiation), with maximal values at about 10 m
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Figure 1. Optical and biological characteristics of the upper water col-
umn at one station in Arthur Harbor on 12 December 1993. The mean
solar irradiance for PAR during the incubation period was 0.098
microeinsteins per square centimeter per second (uE/cm2/s), and the
ozone column concentration at noon was 300 Dobson units. A. Atten-
uation of solar radiation at four wavelengths (305, 320, 340, and 380
nm, in microwatts per square centimeter per nanometer) in the ultravi-
olet region of the spectrum and for PAR (in microeinsteins per square
centimeter per second). Profile taken at 10:30 a.m. B. Changes of
chlorophyll-a concentrations (solid circles connected by dotted lines;
in milligrams of chl-a per cubic meter) and rates of photosynthesis
(solid line; estimated from 683-nm upwelling radiance; in nanomoles
carbon per cubic meter per second) with depth.
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Figure 2. Rates of in situ phytoplankton carbon fixation (measured by
14C-incorporation) at various depths under three different radiation
treatments; (0) quartz, cells exposed to PAR and UV radiation; (0)
Mylar, cells exposed to PAR and UV-A radiation; and (') UF-3, cells
exposed to just PAR. Data are from the same station as mentioned in
figure 1 but for 11 December 1993. The mean solar irradiance for PAR
during the incubation period was 0.105 microeinsteins per square
centimeter per second, and the column ozone concentration at noon
was 295 Dobson units. (mg C fixed/m3/day denotes milligrams of
fixed carbon per square meter per day.)

of enhanced UV-B radiation during the incubations was not
significant. The above results thus indicate that "normal"
IJVR has large inhibitory effects on antarctic phytoplankton in
the upper water column and are comparable to estimates dis-
cussed in previous studies (Holm-Hansen, Heibling, and
Lubin 1993).
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and with rates decreasing continuously below that depth.
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tions were feasible. By the time Arthur Harbor was largely free
of ice, permitting deployment of in situ incubations of sam-
ples, ozone levels were fairly normal, and hence, the amount

Chamberlin, W.S., C.R. Booth, D.A. Kiefer, J.H. Morrow, and R.C. Mur-
phy. 1990. Evidence for a simple relationship between natural flu-
orescence, photosynthesis and chlorophyll in the sea. Deep-Sea
Research, 37(6), 951-973.

Holm-Hansen, 0., E.W. Heibling, and D. Lubin. 1993. Ultraviolet radi-
ation in Antarctica: Inhibition of primary production. Photochem-
istry and Photobiology, 58(4), 567-570.

Holm-Hansen, 0., C.J. Lorenzen, R.W. Holmes, and J.D.H. Strickland.
1965. Fluorometric determination of chlorophyll. Journal de Con-
seil pour l'Exploration de laMer, 30(1), 3-15.

Holm-Hansen, 0., and B. Riemann. 1978. Chlorophyll a determina-
tion: Improvements in methodology. OIKOS, 30(3), 438-447.

Steemann Nielsen E. 1952. The use of radiocarbon (14C) for measur-
ing organic production in the sea. Journal du Conseil International
pour l'Exploration de La Mer, 18(2), 117-140.

Weiler, S., and P. Penhale (Eds.). 1994. Ultraviolet radiation inAntarc-
tica: Measurements and biological effects (Antarctic Research
Series, Vol. 62). Washington, D.C.: American Geophysical Union.

ANTARCTIC JOURNAL - REVIEW 1994
263




