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Reduced ozone concentrations in the stratosphere over Ant-
arctica have been monitored since 1957 by the ozone spectro-
radiometer at Halley Station and recently have received much
worldwide attention because the seasonal "ozone hole" has
been increasing in intensity. This is of much concern ecolog-
ically (El-Sayed 1988; Gribbin 1988; Voytek 1989), because de-
creased ozone concentrations result in increased ultraviolet
radiation incident upon the Earth. The increased fluence of
ultraviolet radiation due to reduced ozone concentrations will,
however, be confined to the ultraviolet-B portion of the spec-
trum (280 to 320 nanometers), with no effects on either the
ultraviolet-A portion (320 to 400 nanometers) or the visible (400
to 700 nanometers).

This component of our ultraviolet studies dealt with deter-
mination of the effect of solar ultraviolet radiation on the rate
of photosynthesis by antarctic marine phytoplankton. Other
components of our study dealt with transmission of ultraviolet
radiation in the upper water column (Mitchell, Vernet, and
Holm-Hansen, Antarctic Journal, this issue) and on the pho-
toadaptational response of phytoplankton to ultraviolet radia-
tion (Vernet, Mitchell, and Holm-Hansen, Antarctic Journal,
this issue). Our experimental approach was to determine rates
of photosynthesis of phytoplankton populations under natural
conditions with and without screening off various regions in
the ultraviolet portion of the spectrum. In situ incubation tech-
niques were used as much as possible, with the water samples
being contained within quartz or pyrex 250-milliliter round
glass vessels, some of which were enclosed within a plexiglass
filter.

Data in figure 1 show the results of in situ incubations, with
the spectral transmission characteristics of the sample con-
tainers shown in the inset. These data have not been corrected
to take into account either the variation in phytoplankton
standing stock (chlorophyll a concentrations ranged from 0.1
to 5.0 milligrams per cubic meter) or the variation in incident
solar irradiance. Some of the scatter in the data presented in
the figure is most likely due to variations in these two factors.
Eliminating the shorter ultraviolet-B wavelengths (the samples
in pyrex vessels) resulted in approximately 30 percent higher
rates of photosynthesis close to the surface, with the effect
diminishing rapidly with depth so that by 10-meter depth,
there was no difference in the samples in quartz or pyrex glass.
Effects of removing all wavelengths below 350 nanometers
(plexiglass filter) resulted in much higher rates of incorporation
of carbon dioxide; as compared to data from quartz vessels,
the rates were approximately doubled in samples close to the
surface, approximately 10 percent higher at 10-meter depth,
and showed no detectable differences at a depth of 20 meters.
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Figure 1. Relative rates of in situ photosynthesis in the upper 20
meters of the water column when natural phytoplankton samples
are exposed to varying proportions of ultraviolet radiation. Samples
were incubated in (a) quartz glass, which transmits nearly all ul-
traviolet radiation (photosynthetic rates for these samples are shown
as "100%" for all depths), (b) pyrex glass (.), with 50 percent trans-
mission at about 305 nanometers, or (c) pyrex glass screened with
a plexiglass filter (x), with 50 percent transmission at about 355
nanometers. The curves were drawn by hand. Data are from close
to Anvers Island during November and December 1988. The inset
shows spectral transmission characterics of the sample contain-
ers. (m denotes meters. nm denotes nanometers.)

These data suggest that the shorter wavelengths (280 to 305
nanometers) of ultraviolet-B radiation depress photosynthetic
rates much less than the suppression caused by longer wave-
lengths. This is consistent with data presented by Mitchell et
al. (Antarctic Journal, this issue) which show that ultraviolet-A
radiation is more important in inhibition of photosynthesis
than ultraviolet-B wavelengths.

It is interesting to compare these data with the spectral flux
of increased ultraviolet radiation resulting from diminished
ozone concentrations in the stratosphere. Data in figure 2 show
that changes in ozone concentrations affect only those wave-
lengths below 320 nanometers and that it is the very short
wavelengths in the ultraviolet-B region which are increased
most dramatically. For instance, the integrated ultraviolet flux
from 294 to 298 nanometers varied by a factor of over 32 times
when comparing days 281 and 294, while the integrated flux
from 307 to 312 nanometers varied by a factor of only 1.95.
The ratio of the total ultraviolet-B integral on days 281 and
294, however, varied by a factor of only 1.27. The reason that
the ratio of these "total" integrals is SO low as compared to
the large ratios of the fluxes below 300 nanometers is due to
the rapid decrease in solar irradiance at the shorter wave-
lengths. This is seen by the data in figure 3, which shows the
spectral distribution (295 to 345 nanometers) of incident ra-
diation as measured at Palmer Station on 21 November 1988.
The energy flux at 295 nanometers is seen to he four orders
of magnitude less than the flux at 315 nanometers. Although
the fluence of the short wavelengths in the ultraviolet-13 region
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Figure 2. Effect of lower ozone concentrations in the stratosphere
on spectral irradiance incident upon the Earth. The curve is based
on comparison of downwelling irradiance at McMurdo Station (1988)
on day 281 (low ozone) and day 294 (normal ozone) when integrated
from 294 to 298 nanometers, 298 to 303 nanometers, 303 to 307
nanometers, and 307 to 312 nanometers; all ratios comparing days
281 and 294 have been normalized to the integrated irradiance from
280 to 625 nanometers. The ozone concentrations on days 281 and
294 were 263 and 386 Dobson units, respectively. (Data obtained
from C.R. Booth.) (nm denotes nanometers.)
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Figure 3. Spectral irradiance (295 to 345 nanometers) measured
with the ultraviolet-spectroradiometer at Palmer Station on 21 No-
vember 1988, showing the very rapid decrease in ultraviolet flux at
wavelengths shorter than 315 nanometers. (Data obtained from
C.R. Booth.) (nm denotes nanometers. 1iW cm 2nm' denotes mi-
crowatts per square centimeter per nanometer.)

is relatively very low, this is the spectral region where DNA
and other cellular macromolecules show significant absorp-
tion, and hence the question arises as to what effect these
short wavelengths might have on other cellular processes such
as growth and cell division.

Our in situ experiments show that incident solar ultraviolet
radiation in the Antarctic significantly depresses photosyn-
thetic rates in the upper 10-15 meters of the water column and
that the spectral region between 305 to 350 nanometers is re-
sponsible for approximately 75 percent of the overall inhibitory
effect. The following aspects of ultraviolet effects should be
addressed:
• better spectral definition of ultraviolet inhibitory effects on

photosynthesis as well as on cell viability,
• documentation of the relationship between absorbed ultra-

violet dose (product of measured ultraviolet flux and spectral
absorption characteristics of the cellular material) and ob-
served effects on cell viability and photosynthetic capacity;
and

• an estimation of how much of the ultraviolet effect is due
to changes in ultraviolet-B fluence resulting from formation
of the "ozone hole" as compared to ultraviolet effects under
"normal" ozone concentrations in the stratosphere.

Until the time that such data are available, it is not possible
to predict the long-term effects of ozone-related ultraviolet
changes on primary production in antarctic waters.
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