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ABSTRACT

Diurnal vertical migration in the water column and the impact of

solar radiation on motility were investigated in three marine

phytoplankton species: Tetraselmis suecica, Dunaliella salina

and Gymnodinium chlorophorum. Cells were exposed to solar

radiation either in ultraviolet radiation (UVR, 280–400 nm)

transparent Plexiglas tubes (45 cm length, 10 cm diameter) or in

quartz tubes under three radiation treatments: PAB (280–

700 nm), PA (320–700 nm) and P (400–700 nm). The three

species displayed different behavior after exposure to solar

radiation. Tetraselmis suecica was insensitive to UVR and under

high solar radiation levels, cells accumulated preferentially near

the surface. Exposure experiments did not indicate any signifi-

cant changes in swimming speed nor in the percentage of motile

cells after 5 h of exposure. On the other hand, D. salina was

sensitive to UV-B displaying a significant decrease in swimming

speed and percentage of motile cells after 2–3 h of exposure.

Moreover, D. salina cells migrated deep in the water column

when irradiance was high. The response of G. chlorophorum was

in between that of the other two species tested, with a slight (but

significant) decrease in swimming speed and percentage of motile

cells in all radiation treatments after 5 h of exposure. While G.

chlorophorum cells were more or less homogenously distributed

in the water column, a slight (but significant) avoidance response

to high radiation was observed at local noon, with cells migrating

deep in the water column. Our data clearly indicate that these

sub-lethal effects of solar radiation are species-specific and they

might have important implications for the aquatic ecosystem.

INTRODUCTION

Solar radiation is the energy source for photosynthesis that
drives almost all life forms on Earth. However, it can produce
deleterious effects on organisms, especially the short wave-

lengths of the solar spectrum (i.e. ultraviolet radiation [UVR],
280–400 nm). In fact, the effects of solar UVR on cells,
organisms and ecosystems have been the focus of many
investigations (1–3), especially since the discovery of the

Antarctic ozone ‘‘hole’’ (4–6) that kindled the concern about
increased levels of UV-B (280–315 nm) reaching the Earth’s
surface. Studies have shown that UVR can severely harm

aquatic organisms by reducing both photosynthetic and
growth rates (7) and damaging the DNA molecule through
the formation of cyclobutane pyrimidine dimers or pyrimidine

(6–4) pyrimidone photoproducts (8,9). Other UVR-induced
effects such as the formation of reactive oxygen species (10)
and damage to proteins (11) have been frequently cited in the

literature.
Solar UVR is also known to produce sublethal effects on

motile unicellular organisms by causing the loss or reduction
of movement (12–17). On the other hand, it triggers avoidance

mechanisms that allow organisms to escape towards shaded
and thus protected environments. Indeed, avoidance mecha-
nisms seem to be a common strategy against exposure to high

radiation levels, as seen in the benthic diatom Gyrosigma
balticum which displayed a downward movement (18). In
phytoplankton organisms, avoidance can also be achieved by

means of circadian rhythms that cause the cells to swim down
at noon to depths where radiation intensities are low, as occur
in some dinoflagellates (19).

In this study, we investigated the effects of solar radiation
on vertical migration and motility of three phytoplankton
species—the dinoflagellate Gymnodinium chlorophorum
Elbrächter et Schnepf and the chlorophytes Dunaliella salina

(Dunal) Teodoresco and Tetraselmis suecica (Kylin) Butcher.
The three species have a wide distribution in the World’s
oceans. While D. salina is found in varied ecosystems (brackish

and marine), G. chlorophorum forms dense blooms in coastal
areas; T. suecica is a common food source used for aquaculture
purposes. In particular, we assessed how solar radiation

conditions affected the vertical distribution of cells in the
water column, and which portion of the solar spectra was most
effective in causing sub-lethal effects (i.e. changes in swimming
speed and number of motile cells).

MATERIALS AND METHODS

Organisms and culture conditions. The phytoplankton species used in
the experiments were the dinoflagellate G. chlorophorum Elbrächter et
Schnepf (mean cell size 5 lm) and the chlorophytes D. salina (Dunal)
Teodoresco (mean cell size 11 lm) and T. suecica (Kylin) Butcher
(mean cell size 25 lm). Cultures of these species were obtained from
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