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Abstract The effects of exposure to ultraviolet radiation
(UVR), 280400 nm, in different life histories and devel-
opment stages of the kelps, Lessonia nigrescens and
L. trabeculata, collected in the south-east Pacific coast
(30°S) were evaluated in the laboratory. Germination and
viability (motile zoospores, settled spores), diameter of
the primary cell of the gametophytes, percentage of
female gametophytes, fertility and sporophytes produc-
tion were measured after exposure to three radiation
treatments (PAR; PAR + UVA; PAR + UVA + UVB).
The effects of UVR in young sporophytes (diploid stage)
were evaluated as changes in maximal quantum yield of
chlorophyll fluorescence of photosystem I1 (PSII) (F,/F,,).
A significant decrease in all variables was observed for
the treatment that included UVB (PAR + UVA + UVB)
after 2 and 4 h of exposure, in relation to the control. The
motile spores were more sensitive to UVR exposure com-
pared to settled spores and gametophytes, suggesting that
along with an increase in ontogenetic development; there
is an increase in the tolerance to UVR. In addition, it was
observed that early stages of the intertidal L. nigrescens
were more tolerant to UVR compared to the subtidal
L. trabeculata. These results allow initially to infer that
UVR may be regarded as an important environmental
factor influencing the upper limit of distribution of these
species, mainly through its detrimental effects on the early
stages of the life cycle.
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Introduction

Early developmental stages of kelps (zoospores, gameto-
phytes and small sporophytes) are shade-adapted organ-
isms in contrast to adult thalli (sporophytes) (Kain 1964;
Gomez and Wiencke 1996; Dring et al. 1996). The differ-
ent photobiological performance associated with an
alternation of heteromorphic phases has implications on
kelp ecology: reproduction, metabolic performance (e.g.,
photosynthesis) and growth are seasonally synchronized,
thus improving survival under changing environmental
conditions in their natural habitat (Liining 1990). Light
adaptation not only is an attribute expressed on an onto-
genic basis but also constitutes a very important func-
tional character connecting the different stages of life
cycle. With regard to the sensitivity to solar radiation, it
is known that spores and early establishment stages of
kelps are highly vulnerable, for example, to ultraviolet
radiation (UVR), as compared to sporophytes (Han and
Kain 1993; Dring et al. 1996). In general, small zoospores
and gametes posses few structural or physiological mech-
anisms of photoprotection, exhibiting a very limited
potential acclimation to light stress (Amsler and Neushul
1991). In different species of Laminariales from the
Northern Hemisphere, the exposure to UVR has detri-
mental effects on the viability and germination of spores
(Huovinen et al. 2000; Makarov and Voskoboinikov
2001), which has consequences on the further develop-
ment of the gametophytes (Yabe et al. 1997; Swanson
and Druehl 2000) and the bathymetrical distribution of
sporophytes (Wiencke et al. 2000; Roleda et al. 2005).
Lessonia nigrescens Bory 1826 and L. trabeculata
Villouta and Santelices 1986, which are harvested for
phycocoloid extraction and feed for farmed abalone
(Edding and Tala 2003; Edding et al. 1994), are two
major representatives of the Laminariales order along
the south-east Pacific coast (Santelices 1989; Edding
et al. 1994). Both species share similar morphological
organization and, in virtue of their large size and ecolog-
ical function, are regarded as major contributors to
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coastal primary productivity. L. nigrescens is common in
highly wave-exposed intertidal zones (Santelices and
Ojeda 1984; Westermeier et al. 1994), while L. trabecu-
lata inhabits subtidal locations (Villouta and Santelices
1986). Such depth distribution patterns intuitively sug-
gest possible differences in the capacity of these algae to
cope with enhanced solar UVR, which has not been
examined so far for these species. Taking into account
that spring/summer episodes of stratospheric ozone
depletion can reach mid-latitudes in South America
(Orce and Helbling 1997; Lovengreen et al. 2001), the
knowledge of the potential effects of increased UVR on
the life cycle will give new insights into the regulative
mechanisms that act on southern cold-temperate Lami-
nariales.

The aim of this study was to examine the influence of
UVR on the germination of zoospores and subsequent
development of gametophytes and sporophytes of
L. nigrescens and L. trabeculata. Responses were evalu-
ated at different stages and phases of development
(motile spores, settled spores, gametophytes and young
sporophytes) in order to cover their whole life cycle. Two
major questions were addressed: (a) Are the distinct life
cycle phases differentially affected by UVR? (b) Is the
UV sensitivity of early developmental phases correlated
to depth distribution of parental sporophytes (intertidal
vs. subtidal).

Materials and methodsl
Sampling and cultivation of early stages

Mature blades with sori were obtained from different
adult thalli during March—April of 2003. L. nigrescens was
collected from the rocky intertidal at Pampilla, Coquimbo
(29°57'S, 71°22'W), while L. trabeculata was collected by
SCUBA diving from 4 to 5m depth in Tongoy Bay
(30°15’S, 71°15'W). In the laboratory, around 10 fertile
blades were selected, washed with tap water to remove epi-
phytes and finally dehydrated in the dark for 4 h at a con-
stant temperature of 15£1°C (Fonck et al. 1998). Spores
were released within opaque plastic boxes with filtered
seawater (0.45 pm) for 90 min in the dark and counted in a
haemocytometer (approximately 50,000 spores ml~!). In
order to allow settlement the spores were incubated in

Petri dishes (three replicates by treatment) for 24 h at
154£1°C and 25 pmol photons m~2s~!. Thereafter, the
water was replaced with Provasoli-enriched seawater
(Starr and Zeikus 1993). Standard experimental condi-
tions for both species were 15£1°C, photoperiod 12:12
(L:D) and illuminated with 6045 pmol photons m—2s~!
of photosynthetic active radiation (PAR) provided by
fluorescent lamps (Daylight Phillips).

Light source and experimental design

For the experimental incubations, spores were exposed
to a combination of UVB (280-315nm), UVA (315-
400 nm) and PAR (400-700 nm) irradiances provided by
UVB 313 and UVA 340 lamps (Q-Panel Co., Cleveland,
USA) and daylight fluorescent lamps (Philips 40 W, The
Netherlands), respectively.

The Petri dishes were covered with cut-off filters to
obtain a combination of two treatments of radiation:
PAR + UVA + UVB (Ultraphan 295; Digefra GmbH,
Munich, Germany) and PAR + UVA (Folex 320; Folex
GmbH, Dreieich, Germany). Cultures exposed only to
PAR were used as controls. Incident irradiances under
the different combinations of lamps and cut-off filters are
indicated in Table 1 and were measured with a spectrora-
diometer SUV-100 (Biospherical Instruments, San
Diego, USA), and the PAR intensity was determined
with a Li-190S quantum sensor connected to LI-250
radiometer (LI-COR Inst.,, USA). In order to estimate
the wavelength-dependent effectiveness of the UV irradi-
ances applied in each treatment, biologically effective
dose (BED), spectral irradiances in the range between
280 and 400 nm were weighted, using two action spectra
for well-known biological effects: generalized plant dam-
age (Caldwell 1971) and photoinhibition of photosynthe-
sis as normalized to unity at 300 nm (Jones and Kok
1966), following the calculations described by Goémez
et al. (2001). BEDs resulting in a 50% decrease in biologi-
cal activities (germination, survival, fertility and photo-
synthesis) were calculated by regression analysis of the
dose-response data, using weighted irradiances.

Figure 1 summarises the experimental design and bio-
logical parameters used for the diagnosis of UV effects.
To examine the response of the different stages of onto-
genetic development, the cultures were irradiated sepa-
rately after 3 h post-release (motile zoospores), after 24 h
post-release zoospores (settled embryospores) and once

Table 1 Experimental light treatments and corresponding irradiances weighted with biologically effective action spectra for generalized
plant damage (Caldwell 1971) and photoinhibition of photosynthesis (Jones and Kok 1966)

Treatment Experimental irradiance (W m~2) Weighted irradiance (W m~?)
UVB UVA PAR? Generalized plant Inhibition of
damage photosynthesis
PAR + UVA + UVB 2.38 744 62.20 0.35 4.57
PAR + UVA 0.03 4.74 63.30 0.01 1.36
PAR (control) 0.002 0.12 64.20 0.01 0.17

2PAR in pmol m~2s~! and measured with a Licor 250 radiometer (Licor, USA)



the gametophytes had been developed (8 days post-
release). Viability of motile and settled zoospores was
established as number of spores with germination tube
on the second day (percentage of a total of 100 spores
per culture dishes). In addition, the diameter of the pri-
mary cell of 25 female gametophytes per culture dish was
determined after day 7. This value was used to estimate
the vegetative growth (Liining 1980). Fertility in irradi-
ated gametophytes and those irradiated at spore stages
was evaluated after 15 days and expressed as a percent-
age of female gametophytes bearing oogonia of a total of
100 gametophytes. The number of sporophytes formed
was determined after 25 days and expressed as percent-
age of a total of 100 female gametophytes + sporophytes
per culture dish. The time span of exposure was not
longer than 4 h because previous tests showed 100%
mortality in both Lessonia species under exposure to
UVR >4 h (data not shown). After exposure, the Petri
dishes were placed back in the standard conditions of
culture. Evaluation of the cultures was made utilizing
random selected optical fields (0.6793 mm?) in an
inverted phase contrast microscope (Nikon, Japan). In
the case of young sporophytes (> 10 cm), the effects of
UVR were assessed as in vivo decreases in chlorophyll
fluorescence of photosystem II (PSII) with a portable
amplitude-modulated fluorometer (PAM-2000, Walz,
Germany). The maximal quantum yield of fluorescence
(F/F,) was used as an indicator of physiological status
(see Schreiber et al. 1994 for details).
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Statistical analysis

The data sets for each species were analysed with a three-
way ANOVA, with development stage (motile spores,
settled spores, gametophytes and young sporophytes) as
the first factor, radiation treatment (PAR; PAR + UVA;
PAR + UVA + UVB) as the second factor and time
exposure (0.5, 2 and 4 h) as the third factor. The normal-
ity (Kolmorov—Smirnov test) and homoscedasticity
(Barlett test) of the percentage values were obtained
using square-root arcsine transformation. A post hoc
Dunnett test was applied, making comparisons with the
control (Sokal and Rohlf 1995).

Results

The different developmental stages of microscopic phase
of Lessonia under PAR condition are shown in Fig. 2.
On the second day of culture all the spores in the control
had germinated, which was evident from the observation
of the germ tube (Fig. 2b). In the following days of cul-
ture, the spore and germination tube were empty and the
first cell of the gametophyte was formed (Fig. 2c). The
germination of spores varied in response to the two UV
treatments (Fig. 3): under PAR + UVA, germination of
motile and settled spores was similar as control, whereas
under PAR + UVA + UVB, 100% germination was seen

Fig. 1 Experimental design
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only after 0.5 h exposure. After 2 and 4 h, germination of
motile spores of L. nigrescens decreased significantly by
20 and 100%, respectively (Dunnett, P <0.05). In L. tra-
beculata, decreases in germination rates after 2 h expo-
sure were greater, reaching 80% by motile spores. After
4 h exposure, no germination of motile spores was
detected in either of the species (Fig. 3). In the case of set-
tled spores, germination rates after 4 h exposure to UVR
was 40 and 20% for L. nigrescens and L. trabeculata,
respectively.

Ultraviolet radiation affected the viability of spores
mainly due to cellular lyses, which were observed in both
species (Fig. 4). In motile and settled spores of L. nigres-
cens, irradiated with the PAR + UVA + UVB treatment,
survival was close to 20 and 15%, respectively (P <0.05).
No decreases in survival relative to control were observed
when gametophyte stage was irradiated. A similar
response was seen in spores of L. trabeculata, in which sur-
vival was lower than 20% after 4 h exposure. In this spe-
cies, however, survival of gametophytes decreased by 17%
after 4 h UV exposure (P <0.05; Fig. 4). In neither of the
species, the motile spores that survived 4 h exposure in the
PAR + UVA + UVB treatment showed gametophytes
development. Mean diameter of the female gametophytes
primary cell in the control was 18.8+0.2 um for L. nigres-
cens and 18.440.2 um for L. trabeculata. After 2 h expo-
sure to PAR + UVA + UVB the diameter of the
gametophyte primary cell, for both motile and settled
spores, averaged 15 pm (data not shown).

After 15days female gametophytes attained 1-10
cells and zygotes in division were present (Fig. 2d). Male
gametophytes were conformed by branched filaments of
small cells (Fig.2d). The percentage of female gameto-
phytes fluctuated between 55 and 56% for L. nigrescens
and L. trabeculata, respectively. UVB exposures of 2 and
4 h led to increases in the female/male ratios, particularly
in motile and settled spores (Fig. 5). Fertility diminished
significantly (Dunnett, P <0.05) in relation to the control
in the cultures exposed to PAR + UVA + UVB in the
three stages of development and in both species (Fig. 6).

Fig. 2 Life-cycle stages of
Lessonia: a settled spores 24 h
post-release; b germinating
spores 48 h post-release;

¢ 8-day-old gametophytes with
primary cell; d female and male
gametophytes on day 15 of cul-
ture, arrow showing a zygote in
division; e early sporophyte on
day 25 of culture; f 4-month-old
young sporophytes. Scale bar:
a—€ 10 um, f 1 cm
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Fig. 3 Effects of two different radiation treatments on germination
(percent of the control) of motile and settled spores. Measurements
were performed 2 days after exposure to UV radiation. Asterisks de-
note significant differences from the control (PAR) (data not nor-
malized to the control, Dunnett test, P <0.05). Mean germination
rates of controls: L. nigrescens 92.5+3.2%; L. trabeculata 92.4+1.4%.
Data are means & SD; n=3

Similar to germination, an increase in fertility was
observed for all treatments, which however, never
reached the control values.

The sporophyte formation was evaluated on day 25
of the culture with mean values lower than 20% for both
species in control dishes. Morphologically, sporophytes
were conformed by a monostromatic lamina (Fig. 2e). In
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all treatments, some sporophytes had begun to develop
rhizoids. Under UVB irradiation, the formation of
sporophytes was relatively lowered compared to the con-
trol, which was not directly related to the increase in dose
(Fig. 7). After 2 h exposure under PAR + UVA + UVB,
the proportion of sporophytes in motile and settled
spores of both Lessonia species varied between 20 and
50% relative to the control.

Photosynthesis measured as chlorophyll fluorescence
of multi-stromatic sporophytes (> 10 cm, Fig. 2f) was
affected by treatments including UVB (P <0.05; Fig. 8).
Although mean values of F,/F,, (47%) were lower in
sporophytes of L. trabeculata than L. nigrescens (57%),
no significant differences between species could be
detected. Exposures to PAR + UVA affected photosyn-
thesis; however, these decreases did not exceed 27%
(Fig. 8).

Discussion

UV susceptibility of spores and consequences for further
development of gametophytes

Our results indicated that effects of UVR were more
detrimental in motile spores than in settled ones. It has
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Fig. 5 Effects of different radiation treatments on proportion of fe-
male gametophytes (percent of control) of L. nigrescens and L. tra-
beculata. Measurements were performed 15 days after exposure of
motile spores, settled spores and gametophytes to UV radiation.
Asterisks denote significant differences from the control (PAR)
(Dunnett test, P <0.05). Control means: L. nigrescens 55.3+5.2%; L.
trabeculata 56.6+1.8%. Data are means + SD; n=3

been described earlier that motile spores do not posses a
well-developed cellular wall and show a smaller cellular
size than observed in spores after the settlement (Henry
and Cole 1982). For example, the cellular diameter of
motile spores of L. nigrescens is 5.5 um, whereas the
diameter of settled cells were close to 10 um (Hoffman
and Santelices 1982). In terms of their morpho-func-
tional complexity, a motile spore would be regarded as
the simplest stage in the life cycle: most of the physiolog-
ical functions, e.g. the protein synthesis and the photo-
synthetic activity, are not yet well developed
(Voskoboinikov and Kamnev 1991). According to Swan-
son and Druehl (2000), the spore size affects the capacity
of different kelps to germinate and survive after exposure
to UVR. In this sense, the surface areal/volume ratio of
single-celled organisms is an indicator of UV sensitivity
(Karentz et al. 1991), as size influences the bio-optical
characteristics of the cell and consequently the cross-sec-
tion path length through the cytosol (Ramus 1978; Gar-
cia-Pichel 1996). At this level, UVB radiation easily
reaches key molecular targets, e.g. DNA, which can
occur as early as during sporogenesis within the sporan-
gia (Garman et al. 1994). Furthermore, nuclear division
and translocation during germination can also be
affected (Huovinen et al. 2000).

The question, whether the non-lethal UV damage at
the spore levels is “transferred” to further developmental
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Fig. 6 Effects of different radiation treatments on fertility of female
gametophytes (percent of control) of L. nigrescens and L. Trabecu-
lata. Measurements were performed 15 days after exposure of mo-
tile spores, settled spores and gametophytes to UV radiation.
Asterisks denote significant differences from the control (PAR)
(Dunnett test, P<0.05). Control means: L. nigrescens 25.8+3.3%;
L. trabeculata 21.1+2.1%. Data are means & SD; n=3

stages, has not commonly been addressed in this kind of
studies. Our results indicated that exposure of motile and
settled spores for 2 and 4 h to UVB radiation affected the
development of primary cells (vegetative growth) and
fertility of gametophytes. On the other hand, viability of
spores stage was clearly more susceptible to UVR than
gametophytes and in experiments where gametophytes
(with one or two cells) were irradiated, decreases in fertil-
ity were less accentuated (Fig.6). A decrease in the
growth of the gametophytes was reported by Dring et al.
(1996) in Laminaria saccharina and L. hyperborea irradi-
ated with UVR for more than 1 h. Apparently, energy
costs involved in DNA repair (Sancar and Sancar 1988),
protein biosynthesis and turnover (Shelly et al. 2002), as
well as a lower photosynthesis after damage of thylakoid
proteins or photosystems (see Franklin and Foster 1997)
can finally affect growth rates and algal survival (Aguil-
era etal. 1999; Roleda et al. 2006). Yabe et al. (1997)
reported that growth of gametophytes of Laminaria reli-
giosa was inhibited by 90% when parental zoospores
were exposed to UVB dose close to 3 kJ m~2. Although
in our study high spore mortality was observed after 4 h
exposure to UVB radiation (80 and 89%), gametophytes
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Fig. 7 Effects of different radiation treatments on formation of
sporophytes (percent of control) in L. nigrescens and L. trabeculata.
Measurements were performed 25 days after exposure of motile
spores, settled spores and gametophytes to UV radiation. Asterisks
denote significant differences from the control (PAR) (Dunnett test,
P <0.05). Control means: L. nigrescens 15.0+2.6%; L. trabeculata
15.84+4.8%. Data are means + SD; n=3
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Fig. 8 Effects of ultraviolet radiation treatments (PAR + UVA;
PAR + UVA + UVB) on maximal quantum yield F,/F,,) of young
sporophytes of L. nigrescens and L. trabeculata. Algae were irradi-
ated for 2 h with UV treatments. Data are means + SD, n=10.
Asterisks denote significant differences from the control (PAR)

formed from the surviving spores retained the capacity
to reproduce and form viable sporophytes. Two major
results can be emphasized: (a) the sporophyte formation
was not affected by the UV dose applied in these species
and (b) a recovery capacity of spores, with an increase in
germination and fertility throughout time when the



cultures were transferred to PAR conditions. These
results agree with previous observations in three Lami-
naria species which exhibited an efficient DNA damage
repair (removal of cyclobutane—pyrimidine dimers),
recovery of photosynthetic efficiency and an enhance-
ment of spore viability and germination capacity of UV-
treated samples after maintaining spores in low PAR
(Roleda et al. 2005). Apparently, this capacity to recover
cell viability and germination depends on depth distribu-
tion. In fact, in a comparison of UV sensitivity of five
Arctic species of Laminariales, Wiencke et al. (2004)
demonstrated that the upper sublittoral Saccorhiza
dermatodea exhibited a higher capacity of recovery of
germination than algae from deeper zones, e.g., Lami-
naria digitata or L. solidungula.

Gametophytes of Laminariales are sexually dimor-
phic, with male gametophytes being characterized by
several small cells that tend to branch, whereas female
gametophytes attain larger cells (Druehl et al. 1989).
Thus, if the cellular size is a characteristic determining
the cell tolerance to UVR (Laurion and Vincent 1998;
Swanson and Druehl 2000), then it is possible to argue
that high female/male sex ratios may be favoured in
terms of UVR tolerance. In our study, both species of
Lessonia developed a higher proportion of female rela-
tive to male gametophytes when the spore stages were
exposed to UVB radiation. However, this cannot be
understood as a differential mortality due to morpho-
logical differences as at this time (3 and 24 h post-
release) sexual dimorphism between gametophytes was
not yet pronounced. Instead, other factors at cellular
level rather than the spore size should be invoked in the
diferential UVB response between male and female
spores. For example, Druehl et al. (1989) suggest that
male spores of Laminariales (Alaria marginata, Lami-
naria saccharina and Cymathere triplicata) have greater
DNA compactness and/or nuclear protein content than
female spores. When UVB radiation was applied to
gametophytes the female/male ratio was similar to the
control, indicating a null effect of UVB radiation on the
sex ratio at this level. It may be argued that along with
the development of gametophytes, DNA and other tar-
get molecules become less exposed to UVB radiation,
mainly due to a greater scattering and lower transmis-
sion through filaments (self-shading). These findings
may have implications for survival and recruitment
success in algae that reproduce throughout the year,
like Lessonia. Recent laboratory studies in L. trabecu-
lata showed that gametophytes developed from
“autumn spores” exhibit a better reproductive perfor-
mance than gametophytes from other seasonal periods
(Tala et al. 2004). In this sense, it is necessary to deter-
mine the existence of a potential seasonal variability in
the answer to the early development stage to UVR
exposure, which could be related to strategies of sea-
sonal adaptive reproduction that assures successful
recruitment of microscopic stage in the field under
changing solar radiation conditions and other environ-
mental factors.
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Life cycle strategy and light adaptation of parental
sporophytes

Figure 9 summarises the weighted doses (BEDs)
required to cause 50% decrease in biological activities of
the different life cycle stages of Lessonia. Based on these
estimates, Caldwell-based BEDs of 2.18 and 4.22 kJ m—2
were necessary to cause 50% germination and fertility of
spores and gametophytes of L. nigrescens, while in the
subtidal L. trabeculata, these values were lower (1.41 and
2.29 kJ m~2). On the other hand, increasing morphologi-
cal complexity increased the BEDs required to reduce
biological activity, i.e. tolerance to UVB stress increase
with ontogenetic development. Such findings agree well
with previous studies carried out in microscopic stages of
Laminaria (Dring et al. 1996; Hanelt et al. 1997) and may
be related to a greater structural complexity of the
gametophytes compared to spores, and probably to the
action of more efficient mechanisms of protection (e.g.
UYV absorbing substances) and repair of the UV damage
(Schoenwaelder et al. 2003). There are limited data on
the mechanisms involved in photoprotection in early
stages of Laminariales, in contrast to the adult stage. In
Arctic Laminariales spores, Wiencke etal. (2004)
reported a protective potential of phlorotannin (pheno-
lics) containing physodes, which increase in number and
size after UV exposure. The phlorotannins strongly
absorb in the short wavelengths and their synthesis is
inducible by UVB radiation, i.e. may be regarded as
photoprotective substances (Pavia et al. 1997; Schoenwa-
elder 2002). On the other hand, Roleda et al. (2005, 2006)
reported the capability of spores and young sporophytes
of Laminariales to repair DNA damaged under photore-
activating light (which could either be mediated by light-
dependent photolyses or light-independent nucleotide
excision repair). The question whether other UVR-pro-
tective and repair mechanisms (e.g. xanthophyll cycle,
enzymatic and antioxidants defense system) are active in
early developmental stages of kelps has not been
examined.

This study underlines the depth dependence of UVR
sensitivity in spores and correlates well with the distri-
bution patterns of parental sporophytes at this region
in northern Chile. In the case of L. trabeculata,
weighted UVB levels required for 50% reduction in ger-
mination were in the range estimated (0.5-3.4 kJ m~?)
for kelps from the Arctic or deep locations (>20 m) in
the Mediterranean (Wiencke et al. 2000). Our values
estimated for L. nigrescens were, however, higher than
determined in subtidal species. Latitudinal UVR-PAR
measurements for South America indicated that maxi-
mal noontime irradiances between 23°S and 34°S (aus-
tral summer) average 4.46 and 3.99 Wm™2 for UVB
(280-320 nm) and 55.47 and 52.99 Wm~2 for UVA
(320-400 nm), respectively (Orce and Helbling 1997).
With regard to the UVR penetration into coastal
waters of northern Chile (30°S), Montecino and Pizarro
(1995) reported that the 1% UVB irradiance penetra-
tion depth (Zyy30snm) reached a minimum of 11 m and
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Fig. 9 Biological effective UV
dose (BED; kJ m~?) from gener-
alized plant damage (Caldwell
1971) and photoinhibition of
photosynthesis (Jones and Kok
1966) required to reach 50% de-
crease in biological activities of
the different life cycle stages in
L. nigrescens and L. trabeculata

i Young sporophyte

Early sporophyte

| BED (Caldwell)
| Fertility

i L. nigrescens: 4.22
i L. trabeculata: 2.29

maximum of 15 m, well in the range of the distribution
of L. trabeculata (0.5-20 m; Vasquez 1989) and with
mean extinction coefficients (kspg,,,) of 0.349 m~! in
autumn and 0.289 m~! in winter. Under these current
levels of solar radiation, exposures to UVB for 6 and
10 min could decrease the germination and fertility by
50% in L. trabeculata. However, it must be emphasized
that these UVB levels only occur at the upper fraction
of the water column. In the case of L. nigrescens, the
algae is exposed to high solar irradiances, e.g. for inter-
tidal populations at the coast of Valdivia (39°), UVB
values close to 2.3 W m~2 have been reported during
cloudless summer days (Goémez et al. 2004). Under
these conditions, germination and fertility would
decrease by 50% with an UVB exposure for 10 and
20 min, respectively. Likewise, photosynthesis mea-
sured as chlorophyll fluorescence in young sporophytes
was similar in both species, although BED necessary to
cause 50% inhibition in photosynthesis was slightly
higher in L. nigrescens compared to L. trabeculata
(Fig. 9). Although the settlement of kelps spores takes
place mainly under parental canopies where they find
low-light environment, after release of sporangia, the

BED (Jones & Kok) |
Photosynthesis
L. nigrescens: 39.32:
L. trabeculata: 37.31;

©

Adult sporophyte

&

Motile spores

BED (Caldwell)
Germination

L. nigrescens: 2.18
L. trabeculata: 1.41

‘ | Settled spores

Survival
L. nigrescens: 3.20
L. trabeculata: 2.51

i BED (Caldwell)

i Germination

i L. nigrescens: 3.91 |
{ L. trabeculata: 2.46
i Survival
L. nigrescens: 3.00 |
i L. trabeculata: 2.62 |

zoospores become planktonic for variable period of
time (Reed et al. 1992). During this time, zoospores
should be directly exposed to environmental stress con-
ditions with respect to solar radiation (including UVR),
especially if vertical mixing transports cells to shal-
lower water (Helbling et al. 1994).

Overall, the results of this study confirm that, in gen-
eral, the early developmental stages of kelps are shade-
adapted organisms (Kain 1969; Liining and Neushul
1978). The sensitivity of the life cycle phases of Lessonia
to UVR was related to the bathymetric distribution of
parental sporophytes.
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