Korean J. Environ. Biol. 20(3) : 205~215(2002)

Zolapel Aol e HI4 NzFel BTA
Aol FEA WY B

Photosynthesis and Formation of UV-absorbing Substances in
Antarctic Macroalgae Under Different Levels of UV-B Radiation

Taejun Han*, Byeong-Jik Park, Young-Seok Han, Sung-Ho Kang! and Sang Hoon Lee!

Division of Biology and Chemistry, University of Incheon, Incheon 402-749, Korea
1Polar Research Center, Korea Ocean Research and Development Institute, 425-600 Ansan,
P.O. Box 29, Seoul, Korea

Abstract - Effects of artificial and solar UV-B radiation on five rhodophytes (Curdiea
racovitzae, Gigartina skottsbergii, Mazzaella obovata, Myriogramme manginii,
Palmaria decipiens) from Antarctica have been investigated using PAM fluorescence
in laboratory and in the field. Laboratory studies showed that there were significant
differences in the UV sensitivity between different species, and that the differences
appeared to be correlated with the depth of collection of the specimens. It was
apparent from the observations that the samples such as M. manginii and P. decipiens
collected from 20~ 30 m depths were more sensitive to UV-B radiation compared with
those collected from shallower depths. The present study confirmed that an
acclimation to the surrounding light regime could be an important factor to determine
the UV-sensitivity of a species or individuals and that PAM measurements are rapid
and non-destructive methods to evaluate UV influences. From field studies on M.
manginii and P. decipiens it was observed that both plants exhibited changes in the
effective quantum yield, with the minimum values at noon followed by a recovery in
the evening. Photoinhibition occurred in these species could therefore be accounted
for by so-called dynamic photoinhibition. It seems likely that this protective
mechanism may contribute to survival of the species in shallow water where they may
encounter intense solar radiation. The presence or absence of the UV-B component
under solar radiation differently affected the photosynthetic recovery process, and the
rate of recovery was much slower in UV-present than in UV-absent conditions.
Functional role of UV-B appears to delay the recovery of photosynthesis in the studied
macroalgae. Differential sensitivity to UV-B recognised between M. manginii and P.
decipiens seemed to correspond well with the amount of UV-absorbing substances
(UVAS) contained in the respective species. Higher tolerance to solar radiation by the
latter species may be due to the higher amount of UVAS. There were variations of
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UVAS concentrations in algal thalli depending on the season and depth of collection.
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Fig. 1. Transmittance of the UV-B filter employed for
the present study.
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Fig. 2. Daytime variations in PAR (400~ 700 nm), Total
UV (285~400 nm) and UV-B (280~ 320 nm) irra-
diances measured on 21 March 2001 at ground
levels, King Sejong Marine Research Center.
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Fig. 3. Changes in the effective quantum yield of Antarc-
tic rhodophytes after exposures to different dura-
tions of UV-B at 2.0 W m~2. Values are means and
95% condifence intervals (n = 5). Bars with asteri-
sks denote values significantly different (at p =
0.05) from those of the initial yield. NS: not signi-
ficant.
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Fig. 4. Changes in the quantum yield of Myriogramme
manginii under different levels of solar irradianc-
es with or without the UV-B component. Values
are means and 95% confidence intervals (n =5).
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Fig. 5. Changes in the quantum yield of Palmaria deci-
piens under different levels of solar irradiances
with or without the UV-B component. Values are
means and 95% confidence intervals (n=5).
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Fig. 7. Relationship of photosynthetic quantum yield
with total UV-B energy. The regression equation
was fitted to all values and a 50% response was
calculated.
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