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Previous in situ studies in antarctic waters (Holm-Hansen,
Mitchell, and Vernet 1989) have shown that solar ultraviolet
radiation can significantly decrease rates of primary production
at depths down to at least 10 meters. When samples are in-
cubated in quartz bottles (which transmit all ultraviolet radia-
tion) and in pyrex bottles (which do not transmit radiation
below 306 nanometers), no inhibition of photosynthesis could
be detected below 5 meters. Thus, effects of short-wavelength
ultraviolet radiation (below 306 nanometers) can inhibit rates
of primary production only in the upper 5 meters or so of the
water column. Experiments with temperature controlled in-
cubators (Mitchell, Vernet, and Holm-Hansen 1989) suggested
that approximately 50 percent of the inhibition caused by solar
ultraviolet radiation may be due to ultraviolet-A (320-400 na-
nometers). Because ultraviolet-A penetrates far deeper into the
water column than ultraviolet-B (Mitchell, unpublished data),
it is likely that the longer wavelength ultraviolet radiation (306-
400 nanometers) is responsible for most of the photoinhibition
noted in our in situ studies.

Our experiments during 1989, therefore, were designed to
get better spectral resolution of the inhibition of photosynthetic
rates by solar ultraviolet radiation. Temperature-controlled deck
incubators employing quartz tubes (50 milliliters) were used
with a variety of filters which had sharp cut-off transmission
characteristics at various wavelengths between 297 to 378 na-
nometers. Standard radiocarbon techniques were used to de-
termine rates of photosynthesis.

Measured rates of photosynthesis varied considerably from
day to day, depending upon chlorophyll-a content of the water
samples and on the magnitude of incident solar irradiation.
To compare results from all our incubations, data have been
shown as a percentage of the rates determined in the quartz
vessels. The results (figure) show that, under the conditions
prevailing in our incubators, ultraviolet-B radiation (280-320
nanometers) was responsible for approximately 50 percent of
the total ultraviolet radiation photoinhibition. Ultraviolet-A ra-
diation was responsible for the other 50 percent of the pho-
toinhibition, but it was the shorter ultraviolet-A wavelengths
(320-340 nanometers) that accounted for most of this inhibition
of photosynthesis.

Experimental incubator experiments, such as the above, must
be viewed with caution in regard to extrapolation to effects of
ultraviolet radiation on primary production in situ. One prob-
lem is that the experimental samples are being held "station-
ary," whereas natural phytoplankton populations are being
mixed up and down within the upper mixed layer and, thus,
experiencing a continuously variable light field in regard to
both light level and spectral characteristics. The other major
problem is that solar radiation in the visible portion of the
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Magnitude of inhibition of photosynthesis of antarctic phytoplank-
ton by solar ultraviolet radiation which has been selectively "cut
off" at various wavelengths by use of plastic or glass filters. The
rate of photosynthesis in quartz control vessels has been set at
100 percent. The dark line, which has been generalized from all our
data, represents the increase in photosynthetic rate relative to that
in the quartz vessels. The numbers above the line indicate the
spectral cutoff of the various filters used in our experiments. (nm
denotes nanometers.)

spectrum (400-700 nanometers) can also result in photoinhi-
bition if the energy levels are too high. An example of such
inhibition of photosynthesis by visible light is shown by data
in the table. This incubator experiment was done on a very
bright day at Palmer Station, with the mean irradiance (400-
700 nanometers) during the 6-hour incubation period being
2,200 microeinsteins per square meter per second. There is
extreme inhibition of photosynthesis in all the samples when
exposed to 25-100 percent of incident solar radiation. The sam-
ples screened with a plexiglass filter and exposed to 12 percent
of incident radiation, however, showed an assimilation num-
ber of 2.4, which represents a "normal" rate of photosynthesis
for antarctic phytoplankton (Sakshaug and Holm-Hansen 1986).
It should also be noted from the table that the relative increase

Effect of solar ultraviolet radiation on photosynthetic rates of
phytoplankton in a natural water sample from Arthur Harbor,

Antarctica. Samples were enclosed in either quartz (transmitting all
ultraviolet radiation), pyrex (absorbs all ultraviolet radiation below

306 nanometers), or plexiglass (absorbs all ultraviolet radiation
below 360 nanometers) and exposed to 100 percent, 50 percent, 25

percent, or 12.5 percent of incident solar radiation. The mean
irradiance (400-700 nanometers) for the 6-hour incubation period

was 2,200 microeinsteins per square meter per second.

Percent	 Micrograms of carbon
Flask no.	1 0	Vessel	per liter per hour

1	 100	quartz	 0.1
2	 100	pyrex	 0.2
3	 100	plexi	 0.6

	

50	quartz	 2.1

	

50	pyrex	 3.1

	

50	plexi	 7.2

	

25	quartz	 3.0

	

25	pyrex	 4.5

	

25	plexi	 6.4
10	 12	quartz	 6.7
11	 12	pyrex	 7.6
12	 12	plexi	 10.2
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in photosynthetic rates when samples are enclosed within pyrex
or plexiglass as compared to quartz remains approximately the
same at all light levels.

Ozone-related increased fluences of ultraviolet radiation have
recently caused some researchers to predict calamitous results
on the southern ocean ecosystem. Because depletion of ozone
increases ultraviolet radiation only at wavelengths shorter than
320 nanometers, it is important to recognize that much of any
documented deleterious effects of ultraviolet radiation in the
Antarctic is partially due to:
• the "normal" fluence of ultraviolet-B radiation, even with

high ozone levels, and
• ultraviolet-A radiation, which is not affected by ozone con-

centrations in the stratosphere.
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The grounding of the Argentine ship Bahia Paraiso near An-
vers Island on the Antarctic Peninsula in late January 1989
released more than 150,000 gallons of refined petroleum into
the surrounding environment (Kennicutt et al. 1990). The most
immediate effect of this petroleum, primarily diesel fuel arctic
(DFA), was observed in the intertidal zone which was heavily
populated by herbivorous limpets and macroalgae. Early ob-
servations indicated significant losses of limpets (as much as
50 percent) in oiled areas (Fraser personal communication). No
quantitative data were available on the loss of intertidal ma-
croalgae, although Fraser reported that the thalli turned black
or became covered with lesions at heavily oiled sites. Two
months following the spill, we attempted to quantify the phys-
iological effect of the oil on intertidal and shallow subtidal
macroalgal species. We examined photosynthetic production

and pigment content under concentrations of DFA to which
the plants were probably exposed within the first several days
of the spill.

Laboratory exposure of marine macroalgae to the water-sol-
uble fractions of DFA (up to 20 percent volume/volume for 96-
hour periods) addressed changes in photosynthetic rate and
pigment concentrations in two intertidal species (Palinaria de-
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Figure 1. Light saturated photosynthesis in two antarctic red algae
exposed to 10 and 20 percent solutions of DFA over a 96-hour
period. Values are ± SE (n = 2). No data are available for controls
at 72-hour interval. (gimol 02 mgdry wt hr' denotes micromoles
of oxygen per milligram of dry weight per hour.)
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