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Icecolors '93: Epilithic productivity by microalgae exhibits a
potentially high sensitivity to natural levels of

ultraviolet- B radiation
TERENCE EVENS, SANDI ROLL, BILL GOLDEN, and BARBARA B. PREZELIN, Marine Primary Productivity Group, Department of

Biological Sciences, University of California at Santa Barbara, Santa Barbara, California 93106

I
ncreased ultraviolet-B [UV-B, 280-320 nanometers (nm)]
radiation associated with the depletion of stratospheric

ozone (03) over Antarctica during the austral spring has a
negative impact on phytoplankton and sea-ice algae produc-
tivity (Smith et al. 1992; Kroon, Schofield, and Prdzelin 1994;
Prézelin, Boucher, and Schofield 1994; Boucher et al., Antarc-
tic Journal, in this issue). During the Icecolors '93 expedition,
we took the opportunity also to document the potential
impact of ultraviolet radiation (UVR) on littoral microalgae
(lithophytes), which are almost always highly exposed to dele-
terious light effects.

This experiment was conducted at Palmer Station on 30
December 1993 (julian day 364). Post-"ozone hole" 0 3 levels
were relatively moderate, ranging from 270 to 275 Dobson
units (DU) over the day (Booth et al. 1994, pp. 17-37), but
because of the relatively long day length (approximately 20
hours; figure 1A) and low solar zenith angles, maximum UV-B
(280-320 nm) energy during the day was more than 2 watts per
square meter (W rn- 2) (figure 1B) during the midday hours.

The intertidal rocks, which are flat and directly exposed
to the incoming light field, were covered by tufted colonies of
filamentous chiorophytes protruding above an underlying
diatom mat. By visual inspection, we determined that approx-
imately 80 percent of the surface area of the community was
dominated by the chlorophyte. The diatom mat was visible
through the filaments. A typical rock was collected near dawn
(0630 hours local time) at high tide from a depth of 0.5 meter
in the intertidal zone of Humble Island (64 045.5'S 64005'W)
and transported in the dark, submerged in sea water, to the
lab. A 5-square-centimeter (cm 2) section of algal mat was
removed by scraping, leaving a thin film of diatoms behind.
Algal colonies were suspended in filtered sea water and gently
disrupted in a tissue grinder. Microscopic analysis of the dis-
rupted colonies revealed little cell debris, and chromato-
graphic analysis of pigment samples taken before and after

grinding indicated an approximate 5-8 percent loss of bio-
mass (within the resolution level of the technique).

Aliquots were then incubated in outdoor temperature-
controlled incubators covered with three types of long-pass fil-
ters (Prézelin, Boucher, and Schofield 1994; Prézelin, Boucher,
and Smith 1994, pp. 159-186). The 50 percent transmittance
cut-offs of the filters were 296 nm for total UVR [photosyntheti-
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Figure 1. A. Julian day 364, 30 December 1993. Flux of photosyntheti-
cally available radiation (QPAR)• B. Flux of UV-13 (280-320 nm, open
squares) and UV-A (320-400 nm, black squares) radiation integrated
over the day of our experiment.
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cally available radiation (PAR)+IJV-B+IJV-A], 323 nm for Mylar
(PAR+UV-A), and 412 nm for UF3 (PAR). Productivity was
assessed using the carbon-14 ('C) uptake methods described
by Prézelin, Boucher, and Smith (1994, pp. 159-186), and dupli-
cate samples (n=2) were collected from each treatment every 2
hours. High-performance liquid chromatography (HPLC) sam-
ples (n=1) were collected every 4 hours.

Pigment samples were immediately filtered onto 0.4-
micrometer (tm) nylon filters and frozen at -70°C for at least
2 hours before they were analyzed on an Hitachi HPLC using
the methods outlined by Wright et al. (1992). Retention times
of the major pigments were determined using known pigment
standards. The chromatograms confirmed the dominant
presence of green algae (lutein, zeaxanthin, violaxanthin, and
chlorophyll-b) and diatoms (chlorophyll-c3 , fucoxanthin, and
19'-butanoyloxyfucoxanthin).

The table illustrates that only in the presence of UV-B
was there an overall loss of approximately 40 percent of
chlorophyll-a, chlorophyll-b, and lutein. Given the 1:1 stoi-
chiometry of chlorophyll- a: chlorophyll- b in the chlorophyte
light-harvesting complexes (LHC), at least 70 percent of the
total biomass loss could be estimated as attributable to an
apparent high sensitivity in these complexes. By contrast,
fucoxanthin concentrations doubled in the PAR treatment,
showed an increase near the end of the incubation in the

Chromatographic analyses of pigment composition for
each treatment. Time zero (t=0) equals 0740 local time.
All values are in nanograms per liter.

Chlorophyll-a
PAR 932	972	733	932
PAR+UV-A 932	1036	765	924
PAR+UV-A+UV-B 932	790	709	589

Chlorophyll-b
PAR 565	607	422	498
PAR+UV-A 565	652	295	535
PAR+UV-A+UV-B 565	471	373	327

Lutein
PAR 155	134	150	162
PAR+UV-A 155	143	85	142
PAR+UV-A+UV-B 155	86	94	88

Fucoxanthin
PAR 75	80	157	140
PAR+UV-A 75	67	61	111
PAR+UV-A+UV-B 75	52	49	70

Diadinoxanthin
PAR 10 19	23	34
PAR+UV-A 10	27	30	33
PAR+UV-A+UV-B 10	18	31	27

Diatoxanthin
PAR 16	49	55	46
PAR+UV-A 16	45	41	47
PAR+UV-A+UV-B 16	18	29	28

PAR+UV-A treatment, and showed no significant overall loss
in the PAR+IJV-A+UV-B treatment. Diatom photoprotective
pigments (diatoxanthin and diadinoxanthin) show a consis-
tent increase in all three treatments; preliminary analysis sug-
gests diatom UV-B sensitivity is reversible within the course
of a single day; however, the lack of UV-B radiation appears to
enhance diatom growth significantly.

Volumetric rates [in cubic meters (m 3)] of carbon fixation
were calculated and correlated to original surface area meas-
urements [in square meters (m2)]. The cumulative production
[in milligrams of carbon per square meter (mg C rn- 2, n=12)]
increased in all three treatments over the course of the experi-
ment, with the greatest rate of increase occurring just after
solar noon (figure 2A). The PAR+UV-A treatment (323-nm cut-
off) showed the greatest overall cumulative production,
whereas the PAR+UV-A+UV-B (296-nm cut-off) showed the
lowest (figure 2A).

To obtain a UV-B inhibition, we normalized the mea-
sured production of the PAR+UV-B+UV-A and PAR+UV-A
treatments to PAR only production (figure 2B). UV-B
appeared to inhibit primary productivity throughout the day
within a range of 3-80 percent. UV-A appeared to enhance
primary production within a range of 1-20 percent at certain
times and to inhibit it at others within a range of 3-17 percent
(figure 2B).

The UV-B inhibition ranges obtained in the study are
generally greater than those found for pelagic and sea-ice
algal communities, whereas the UV-A inhibitions are general-
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Figure 2. A. Cumulative primary production (in mg C m-2) of total UVR
(PAR+UV-A+UV-B), Mylar (PAR+UV-A), and UF3 (PAR) longpass filters
(50 percent cut offs are: 299 nm, 328 nm, and 412 nm respectively).
(Note: range bars not shown on individual points are too small to
appear). B. Percentage of inhibition (normalized to UF3) of primary
productivity by UV-B and UV-A.
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ly much less (Prêzelin, Boucher, and Smith 1994, PP . 159-186;
Kroon et al. 1994). These results show the potential, not the
verification, of in situ performance of these types of commu-
nities, and other considerations such as self-shading, pho-
toadaptation, and photoprotection must be taken into
account.

We would like to thank Oscar Schofield, Nicolas Boucher,
and Mark Moline for their helpful comments and suggestions.
This research was supported by National Science Foundation
grant OPP 92-20962. (This is Icecolors '93 contribution num-
ber 3.)
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S
pringtime ozone depletion and the resultant increase in
ultraviolet-B (IJV-B) radiation [280-320 nanometers (nm)]

have deleterious effects on primary productivity (Smith et al.
1992; Prézelin, Boucher, and Smith 1994, pp. 159-186). To
assess damage to cellular components other than the photo-
synthetic apparatus, we isolated total community DNA from
samples in the field before, during, and after the 1993 spring-
time depletion in stratospheric ozone. The effort was motivat-
ed by the concern that the ozone-dependent increases in UV -
B radiation may increase DNA damage within primary pro-
ducers. This increase in damage could result in changes of
species composition as well as hereditary changes within
species that can influence the competitiveness of these
organisms in their natural community. Previous studies have
focused on DNA damage in isolated cultures of antarctic phy-
toplankton that were irradiated with UV-B under lab condi-
tions (Karentz, Cleaver, and Mitchell 1991). These studies
clearly indicate variable species sensitivities to the increase in
UV-B flux. These studies, however, did not resolve the ques-
tion of whether such damage occurred in field samples col-
lected from actively mixing, polyphyletic phytoplankton com-

munities. Potential species composition changes and the
resultant changes in the trophic dynamics cannot be inter-
preted in terms of DNA damage unless this damage can be
documented in samples isolated under these dynamic natural
conditions.

We collected 17 bacterial and 70 discrete phytoplankton
samples under pack ice, from open surface waters, or from
frazil ice in Arthur Harbor or Station B near Palmer Station
(64 046.45'S 64 003.27W; 64°46.77S 64 004.35W), Antarctica,
between 17 August and 31 December 1993. Between 5 and
240 liters (L) per sample were collected in 50- or 25-L carboys
lowered into surface waters from the side of a Zodiac or filled
near shore by an electric impeller pump. Samples were
immediately covered to avoid photorepair and stored in an
aquarium with ambient temperature sea water (-1.5°C) dur-
ing filtration. Ice-cooled 142-millimeter (mm) filters were
connected in series for size fractionation of algae or run indi-
vidually for rapid processing of samples. Thick-bonded glass-
fiber filters [1 micrometer (tim)] were used to trap the algae.
Controls showed little or no chlorophyll in the 0.22-1 im frac-
tion. The filtered seawater effluent from the first filter was
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