





Figure 6. Size of young Iridaea cordata gametophytic fronds
cultivated under different conditions (UVB1=0.17 W m 2, UVB2=
0.5W m-2, UVB3 =0.83 W m 2 and control = PAR) showing all data
collection date (weeks 1 to 4). Bars indicate standard deviation
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gametofiticas jovenes de Iridaea cordata cultivados en diferentes
condiciones (UVB1 = 0,17 W m?2, UVB2 = 0,5 W m?, UVB3 = 0,83 W
m2y control = PAR) mostrando todos los datos semanales (semanas
1 a 4). Barras indican desviacion estandar (n=3). Resultados de
RMANOVA como en la Figura 5

et al. 1997, Rozema et al. 1997). Contrarily, Roleda et al.
(2004) reported that thalli of Laminaria ochroleuca Bachelot
de la Pylaie exposed to UVB showed curling accompanied
by reduced growth. In this case, however, decrease in growth
was also accompanied by loss of pigments and subsequent
necrosis of the thalli.

Pigments represent critical targets of UVB as well. UVB
has already been demonstrated to be effective in reducing the
concentrations of pigments in different macroalgae (Wood
1989, Grobe & Murphy 1998, Navarro et al. 2009). The
bleaching observed in young Iridaea cordata gametophytes
exposed to high irradiances (UVB2 and UVB3) means a
destruction of pigments. This bleaching agrees with results
observed in adult fronds of 1. cordata, in which reduced
PE and PC contents were observed at high doses of UVB
(Navarro et al. 2009). Pigment destruction could change the
energy initially destined for growth, towards synthesis and
reposition of photosynthetic pigments. In fact, bleaching in
young I. cordata gametophytes was observed after 2 two
weeks of culture and a decrease in growth was detected at
three weeks of culture.

Different development stages showed varying responses
when exposed to the same UVB doses. At first week (Table
1), the Iridaea cordata germlings exhibited altered growth,
young gametophytes showed morphological changes,
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whereas no effects were observed in young fronds from the
field. Based in this fact, we can assume that the germlings
and young gametophytes were more sensitive to UVB in
the first week of culture. These varying responses could be
related not only to the age of the algae (Dring et al. 1996b,
Navarro et al. 2009), but also to the fact germlings and young
gametophytes were originated in laboratory under low PAR.
It has been shown that levels of PAR during cultivation are
important to the sensitivity of the samples during exposure
to UVB (Franklin & Forster 1997, Swanson & Druehl 2000).
In fact, the germlings previously grown in PAR were more
stressed by all UVB treatments, while young fronds were
more resistance to UVB because they previously grown
under natural solar radiation (PAR+UVA+UVB) in the
sea. The UVB sensitivity of 1. cordata could be related
to an efficient defense and protection mechanism such as
mycosporine-like amino acids (MAAs) that have already
been characterized in adults and spores of this species
HHaretaet idnadf01, Zacher ef al. 2009). The accumulation
of these compounds is induced by both UV radiation (UVA
and UVB) and by blue light in the photosynthetic active
radiation part of the spectrum (PAR) (Korbe et al. 2006).
In this context, young fronds collected from the field may

Figure 7. Growth rates of young Iridaea cordata fronds from the
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UVB2 = 0.5 W m=2, UVB3 = 0.83 W m 2 y control = PAR) showing
all data collection data (weeks 1 to 4). Inset shows growth rates
after 4 weeks of cultivation. Valuesare y “ V Q
results are as in Figure 5/ Tasas de crecimiento de frondas jovenes
de Iridaea cordata provenientes del campo cultivados en diferentes
condiciones (UVB1 = 0,17 W m?, UVB2 = 0,5 W m?Z, UVB3 = 0,83 W
m-2y control = PAR) mostrando todos los datos semanales (semanas
1 a 4). El recuadro muestra las tasas de crecimiento después de
4 semanas de cultivo. Los valores son y + s (n=3). Resultados de
RMANOVA como en la Figura 5
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have had a high concentration of MAAs due to the higher
in situ incident light, compared with the artificial laboratory
irradiance where the germlings and young gametophytes
were originated.

Young Iridaea cordata gametophytes grown under
control treatment showed a greater length when compared
with those exposed to UVB treatments at three weeks.
Contrarily, young 1. cordata sporophytes exposed to the
same experimental condition showed a decrease in GRs in
the beginning of experiments and no differences among any
of the treatments were observed in the following weeks of
cultivation (Navarro et al. 2009). These facts indicate that
different life history phases show varying responses when
exposed to the same UVB doses. This could be attributed to
the ploidy level of tetrasporophytes (2n) and gametophytes
(n). In this context, Roleda et al. (2008) reported that
carpospores (2n) of G. skottsbergii showed higher tolerance
to UV stress than tetraspores (n). Diploid are often thought to
have fitness advantage over haploid because the former are
able to survive the effect of deleterious recessive mutation
on account of their two copies of every gene. However,
masking in diploids may be disadvantageous by allowing
mutations to persist over time (Roleda et al. 2008). Further
exhaustive studies are needed on the UVB susceptibility
of young and adult from different life history phases of a
specific red macroalgae.

Finally, even if strong PAR and UVA are missing, this
study presents a piece of the puzzle about UVB effects
on different development stages of Iridaea cordata
gametophytes generated in laboratory and collected from
the field. Future in situ studies are needed in order to ensure
the existence of such alterations mainly in algae species
of ecological and commercial importance. In nature, the
early developmental stages of macroalgae could grow
with the protection of nearby adults. Adult individuals
could be attenuating the UVB radiation on young stages,
reducing radiation level, which could cause irreparable
harm. Nonetheless, if the adults are extracted due their
economic importance, the result would be an increase
incident radiation producing deleterious effects, especially
at midday when irradiance is high and also when macroalgae
are exposed during the low tide. On the other hand, an
improved understanding of the role of UVB on natural algal
populations is needed because it is expected an increase of
ultraviolet index by about 3-6% in southern high latitudes
in 2090-2100 (Hegglin & Shepherd 2009).
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