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The impact of ultraviolet-B radiation (UV-B, 280–315 nm) on the cladoceran Daphnia menucoensis Paggi and the
copepod Metacyclops mendocinus (Wierzejski) was determined in experiments designed to evaluate the effectiveness
of the photorepair mechanism and the role of UV-absorbing compounds. In both species UV-B caused significant
mortality at doses of ∼40 kJ m�2 or higher. At lower UV-B doses, however, no significant mortality was detected in
M. mendocinus; moreover, this species seems to have a threshold below which no UV-B induced mortality is
determined. D. menucoensis, on the other hand, was very sensitive to UV-B, and significant mortality of 15%
(p < 0.05) was observed when doses were as low as 10 kJ m�2. Both species showed high efficiency for photorepairing
UV-B-induced damage to the DNA molecule, with a significant decrease of mortality when the species were exposed
to visible radiation, PAR (55 W m�2), in addition to UV-B. The higher resistance of M. mendocinus to UV-B as
compared to that of D. menucoensis might be also related to the presence of mycosporine-like amino acids, MAAs
(i.e., shinorine and porphyra-334), and carotenoids, which would add an adaptive advantage to the copepod.

1 Introduction
One of the most important environmental issues in the past
decades has been the discovery of the Antarctic ozone “hole”,1

a phenomenon that brings about an enhancement of short
wavelength energies, i.e., ultraviolet-B radiation (UV-B,
280–315 nm), reaching the Earth�s surface. Since then, one of
the main focuses of photobiological research has been to assess
the effects of both normal and enhanced ultraviolet radiation
(UVR, 280–400 nm),2–4 which has been found to affect in differ-
ent degrees the physiology and ecology of living organisms. In
zooplankton, which constitute a very important link in aquatic
food webs, UVR-induced effects are varied,5–6 but increasing
rates of mortality in eggs and adults,7–9 alterations in diel
migration patterns,10 depth distribution,11,12 and damage to the
genetic material 13 are among the documented effects.

Although UVR can significantly affect zooplankton, several
strategies allow these organisms to adapt to the prevailing
radiation conditions. These strategies essentially include (i) the
ability to avoid damaging UVR, by means of evasion or down-
ward migration,6 (ii) the presence of protective sunscreens or
absorbing compounds, such as carotenoids, melanin or
mycosporine-like amino acids—MAAs,6 and (iii) the capacity
of repairing the DNA damage, either through photorepair,
PER (“light” repair, which occurs in the presence of UV-A and
blue light), or nucleotide excision repair, NER (“dark” repair),
mechanisms.14,15 The strategy used to cope with damaging UVR
levels depends not only on genetic factors, but also on the
natural radiation field to which organisms are exposed. Thus,
different combinations of strategies are found in zooplankton,
even between species belonging to the same genus. In a com-
parative study carried out in the Andean lakes to determine the
significance of these mechanisms in three copepod species of
the genus Boeckella living in different radiation environments,
Zagarese et al.16 found that while B. gracilipes relied mostly on
avoidance, B. gibbosa had an active photorepair capacity; B.
brevicaudata, on the other hand, combined these two strategies
to adapt to its radiation environment. On the other hand,
Helbling et al.9 found that the tropical species B. titicacae relied

mostly on the presence of UV-absorbing compounds to cope
with the extreme radiation levels received in the high-altitude
Lake Titicaca in Bolivia.

Photoprotection against UVR (either through avoidance or
through the presence of protective compounds) is not always
possible or complete. Thus, most organisms also have the
capacity of repairing damage caused by these short wave-
lengths. While NER is the major repair mechanism present
in mammalian cells, photorepair is rather widespread in
planktonic organisms.15 In particular, studies have demon-
strated the ability of marine and freshwater crustaceans to
repair DNA damage via PER.13,16–18

Several studies have been carried out in the Patagonia region
to determine the responses and acclimation to UVR of
freshwater crustacean species,18–20 but very few of them
have addressed their photorepair activity.18,20 These studies
emphasized the variability of responses, thus no extrapolations
can be made to other regions or other organisms. The aim of
this study is, therefore, to determine the photorepair capacity in
the cladoceran Daphnia menucoensis Paggi and the copepod
Metacyclops mendocinus (Wierzejski), species that have an
important role in the aquatic food web comprising the bulk of
zooplankton biomass in two water bodies of the Patagonia
region of Argentina.

2 Materials and methods

2.1 Sampling sites and collection of specimens

Zooplankton specimens were obtained from two eutrophic
lagoons in Chubut Province, Patagonia, Argentina (Fig. 1).
Fresh samples of the cladoceran D. menucoensis and the
copepod M. mendocinus were collected weekly from Laguna
Cacique Chiquichano (43�14�S, 65�18�W) and Laguna Parque
de la Ciudad (42�40�S, 65�15�W), respectively, during the
austral winter and spring of 2001 (i.e., from early May to
late November). Zooplankton samples were collected with a
plankton net (Nitex®, 200 µm mesh size) that was horizontally
towed in the upper 20 cm of the water column, and placed in
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