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compounds in the antarctic limpet,
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Springtime ozone depletion over the Antarctic has been occur-
ring since 1978 (Farman et al. 1985), and each year this atmo-
spheric event results in springtime levels of biologically harm-
ful UV-B radiation (280 to 320 nanometers) that are equivalent
to those of mid-summer (Frederick and Snell 1988). The full
impact of higher springtime UV-B on the antarctic ecosystem is
unknown (Karentz 1991). After over a decade of "ozone holes,"
the antarctic ecosystem has not yet collapsed. Declines in pri-
mary productivity (Smith et al.; Heibling et al. 1992), shifts in
species composition of communities (Karentz et al. 1991a), and
subsequent alterations in trophic dynamics are expected, but it is
not possible to predict the extent to which these changes will alter
the functioning of the antarctic ecosystem or the time scales
involved.

On the positive side, we have data that suggest many antarctic
species have some degree of natural biochemical protection from
UV exposure. Over 85 percent of 60 marine species surveyed in
1988 contained mycosporine-like amino acids (MAA) (Karentz et
al. 1991b). MAAs are compounds which absorb UV radiation and
may act as natural sunscreens, blocking UV rays before they reach
critical target areas of cells and tissues.

During spring 1991 a series of field and laboratory experi-
ments was conducted on invertebrate and algal species at Palmer
Station to investigate the physiological and ecological aspects of
MAAs. The antarctic limpet, Nacella concinna, was included in this
study. This species is dominant year-round in the Palmer Station
area and is one of the few organisms present in the intertidal zone
during early spring when the ozone depletion cycle is initiated.
Nacella is a vital component of the coastal antarctic marine food
web. It is herbivorous, feeding on macroalgae and microaglal
mats; and is a major food source for many of the seabirds which
come to breed on the Antarctic Peninsula during spring.

One aspect of our study of the UV-photobiology of Nacella was
to investigate the distribution of MAAs within various body parts

Distribution of mycosporine-like amino acid compounds in various
body parts of Nacella concinna collected at 0-, 8-, and 15-meter
depths.
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relative to depth of habitation. Preliminary results of this work
are presented here. Five limpets were collected by SCUBA div-
ers at each of three depths (0, 8, and 15 meters) in Hero Inlet.
Animals were dissected into the following components: shell,
gut, gonad, and body. Samples were lyophilized, extracted in
80 percent methanol, and analyzed by high performance liquid
chromotography (HPLC) (see Karentz et al. 1991b for complete
methods).

Two MAAs, shinorine and porphyra-334, were found in the
Nacella samples. The data presented are summations of these two
MAA concentrations normalized on the basis of dry weight (final
data set will be standardized to the protein content of each tissue
type). Shells did not contain detectable amounts of MAAs. Body,
gut, and gonad tissues differed significantly in total MAA content
(figure). Female gonads had the highest concentrations of MAAs
and male gonads had the lowest. Subsequent analyses indicates
that eggs that have high levels of MAAs and sperm have little or
no MAAs present. Gut samples also showed absorption in the
visible range, traces that correspond to the absorption spectrum
of photosynthetic pigments from ingested algal material.

In addition to the differential partitioning of MAAs between
tissues, a trend of decreasing concentrations was evident with
depth. Animals collected higher in the intertidal regions where
they are exposed to higher doses of ultraviolet light, had higher
concentrations of MAAs. Data from ovary tissue did not exhibit
this pattern, possibly because animals at different depths have
different spawning schedules (Shabica 1976). Further analyses
of the data set for the full five months may provide additional
explanations.

The distribution of MAAs in Nacella suggest optimum UV
protection relative to this organism's life style and life history.
Although Nacella shells did not contain detectable amounts of
MAAs, shell material is fairly opaque and most likely provides
excellent protection from UV exposure without the incorpora-
tion of additional UV-absorbing compounds. Since larvae do not
have the physical protection of a shell, it follows that they might
rely on other forms of biochemical protection. The high concen-

tration of MAAs in eggs follows a pattern similar for other
molecules (e.g., RNA and proteins). Sperm are short-lived and d
not make a significant cytoplasmic contribution to the zygote;
therefore, selective increased packaging of MAAs into egg cells
would be a definite advantage since its cytoplasm will provide
for the initial energy requirements and protection required by
the developing embryo.

We thank Dr. W. C. Dunlap for his assistance in the analyses
of MAAs. This research was supported by National Science
Foundation grant DPP 90-17664.
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Detecting UV-induced inhibition of
photosynthesis in antarctic

phytoplankton
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The relatively high intensities of middle ultraviolet radiation
(UVB 280 to 320 nanometers) during antarctic springtime ozone
depletion can inhibit photosynthesis by antarctic phytoplank-
ton. This was demonstrated by incubating phytoplankton for
several hours in enclosures which transmit visible light but
exclude different wavelengths of ultraviolet radiation (Smith et
al. 1992; Helbling et al. 1992). Our research focuses on the effect of
UV on phytoplankton under natural conditions (in the ocean)

where vertical mixing can move phytoplankton through large
gradients of damaging radiation over time scales ranging from
minutes to hours. During the 1991-1992 field season we tested
assays of UV-induced inhibition which do not require long
incubations. Measurements of photosynthesis during short-term
(30 minutes to one hour) exposures to different intensities of
UVB, UVA (320 to 400 nanometers), and photosynthetically
active radiation (PAR) (400 to 700 nanometers) were used to
generate environmentally relevant action spectra (wavelength
dependent biological weighting functions) for the inhibition of
photosynthesis by UV. These weighting functions have been
incorporated into a spectrally defined model which is applicable
to UV inhibition in the ocean (Cullen et al., this issue). We also
tested an alternate, no-incubation approach, in which variations
in cellular constituents were used as biological indicators of
previous exposure to inhibiting UV. Here we report preliminary
results on variations in the abundance of a key photosynthetic
enzyme, ribulose 1, 5-bisphosphate carboxylase/oxygenase
(RUBISCO), as a function of exposure to ambient UV.

Tanks for maintaining 10-liter cultures were constructed of
UV-transparent ("UVT," cutoff 296 nanometers) and UV- opaque

122	 ANTARCTIC JOURNAL




