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Abstract The effect of solar UVB radiation on the growth and species composition of phytoplankton
from a high-mountain lake (2417 m a.s.l.) was studied in situ for 16 days in two enclosures of 1 m-\
receiving either full sunlight or sunlight without UVB. A total of 20 species were identified in both
enclosures, consisting mainly of dinoflagellates, chrysophytes and diatoms. During the experiment,
there were no significant differences in phytoplankton species composition between the two enclosures. In both treatments, the abundance of phytoplankton increased continuously, and chlorophyll a
changed by -5-fold. We observed high fluctuations in the abundance of several species. However,
these fluctuations occurred in both enclosures, and hence they were not related to UVB radiation.
Some species were affected by daily fluctuations of radiation (UVA + photosynthetically active radiation). Cyclotella aff. gordonensis showed a robust positive correlation, whereas species of Gymnodimum were negatively correlated. For most species, the sensitivity to radiation found during the
experiment was consistent with their diurnal vertical distribution in the lake. Our findings suggest that
the phytoplankton from this very clear lake (10% of the surface UVB radiation at 305 nm reached
9.6 m depth) were well adapted to the high UVB radiation characteristic of high-elevation sites.

Introduction
Solar UVB radiation (280-320 nm) is known to have deleterious effects on many
aquatic organisms (Calkins and Thordardottir, 1980). The discovery of the ozone
reduction in the stratosphere over Antarctica (Farman et al., 1985) has produced
scientific concern about the increase in UVB radiation fluxes reaching the Earth's
surface (Crutzen, 1992). The ozone loss is not restricted to Antarctica, but has
also been reported in the Arctic and at mid-latitudes in both hemispheres. For
example, in the Swiss Alps at 3600 m a.s.l., Blumthaler and Ambach (1990) have
found evidence of increasing levels of UVB radiation. Many freshwater and
marine ecosystems are, therefore, potentially exposed to increased UVB fluxes
(Williamson, 1995).
In aquatic ecosystems influenced by terrestrial inputs or having extensive cover
by littoral vegetation, UVB radiation is rapidly attenuated in the water column
due to the presence of chromophoric dissolved organic matter (Kirk, 1994).
However, in very oligotrophic waters like the Sargasso Sea, or lakes situated
above the treeline, UVB penetrates deep into the water column (Kirk, 1994, and
references therein; Sommaruga and Psenner, 1997) resulting in potential stress
for the organisms living in those systems. Furthermore, since UVB increases by
-20% per 1000 m of elevation (Blumthaler et al., 1992), lakes situated at high elevations receive considerably more UVB radiation than those at sea level.
© Oxford University Press
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Therefore, these ecosystems deserve special attention as they may be particularly
sensitive to further increases in UVB radiation.
There is substantial evidence that exposure of phytoplankton to UV radiation
(280-400 nm) decreases their photosynthetic rates (Lorenzen, 1979; Smith et al,
1980,1992; HtMmgetal, 1992;Behrenfeld etal, 1993; Holm-Hansen etal, 1993;
Vincent and Roy, 1993; Cullen and Neale, 1994; Moeller, 1994). This inhibitory
effect is partially due to UVB, but UVA (320-400 nm) contributes to >50% of
the photoinhibition (Buhlmanne/a/., 1987; Helblingetal, 1994; Kim and Watanabe, 1994; Milot-Roy and Vincent, 1994). This is important because UVA penetrates deeper into the water column than UVB (Kirk, 1994), although it is not
affected by changes in stratospheric ozone. In addition to other negative effects
produced by UV radiation, such as the reduction in nutrient uptake rates
(Dohler, 1985; Hessen etal, 1995) and loss of cell motility and orientation (Hader
and Hader, 1990; Ekelund, 1993), there is major concern over possible changes
in species composition within the phytoplankton, and how this may affect the
trophic energy transfer and biogeochemical cycling in aquatic ecosystems
(Calkins and Thordardottir, 1980; Worrest et al, 1981a; Karentz, 1991). Although
there is evidence of different sensitivity to UVB radiation among phytoplankton
species (Worrest et al, 1981b; Jokiel and York, 1984; Cullen et al, 1992), only
recently has attention been paid to possible changes in species composition under
different natural UVB exposures (Davidson et al, 1996). However, in general,
little is known about the effect of solar UVB radiation on the growth and species
composition of natural freshwater phytoplankton.
Here we present results from an experiment lasting for 16 days that was designed
to study the effect of solar UVB radiation on the growth and species composition
of natural phytoplankton populations from a clear, high-mountain lake. Enclosures of 1 m3 receiving either the full sunlight spectrum or with UVB excluded were
used to allow monitoring of different species under natural solar radiation. The
effect on other plankton components such as bacteria, heterotrophic flagellates, ciliates and viruses was also studied, and these results will be published elsewhere.
Method
Study site and experimental design
Experiments were carried out at Gossenkollesee, an oligotrophic soft-water lake
situated above the treeline at 2417 m a.s.l. in the Central Alps, Tyrol, Austria
(47°13'N, l^Ol'E). The lake (area 1.7 ha, maximum depth 9.9 m) is surrounded
by mountains, except in the E and SSE direction. The catchment area is
composed of siliceous rocks and only 10% is covered with soil. Ice cover commonly lasts from November through mid-July. The lake is highly transparent and
substantial UVB radiation reaches the bottom of the lake. For example, the vertical attenuation coefficients (ATd) for UVB radiation at 305 nm in summer
(0.24-0.32 rrr1) are among the lowest reported in the literature (Sommaruga and
Psenner, 1997). These authors found that changes in UV attenuation during
summer were associated with the development of a deep phytoplankton
maximum characteristic for most high-mountain lakes.
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The experiment started on 1 August, ~2 weeks after the ice break-up, and
lasted until 16 August 1995. A station on the shore of the lake provided facilities
for the experimental work. The experimental system consisted initially of four
enclosures of 1 m3 each (1 m deep) floating at the surface, constructed either with
acrylic transparent to full sunlight (GS 2458 Rohm®, FRG) or with acrylic that
excluded UVB (XT 20070, Rohm®, FRG). They will be referred to in the text as
+UVB and -UVB treatments, respectively. In order to prevent rain falling into
the enclosures, we placed a transparent acrylic roof 20 cm above the upper edge
of each enclosure. The roof of the -UVB enclosure was covered with a foil of
Mylar® D to exclude UVB (50% transmittance at 320 nm). XT 20070 acrylic was
not used for the roof as it also excludes part of the UVA spectrum. Changes in
the transmittance of Mylar were tested repeatedly using a double-beam Hitachi
(U-2000) spectrophotometer, and the foil was replaced if necessary. Figure 1
shows the transmittance of the different materials used in the experiments.
The enclosures were left for several days, filled with lake water. Unfortunately,
during this period a strong wind storm destroyed the roof and walls of two enclosures. Although this interfered with the experimental design, we considered it
worth proceeding with the experiment without replicates, given the scarce information on UVB effects on phytoplankton species composition. Therefore, the
two remaining enclosures were emptied, rinsed and filled on the night of 31 July
1995 with lake water pumped from a depth of 1 m. Although the abundance of
large zooplankton (mainly adults and copepodite stages of Cyclops abyssorum
tatricus) was low (B.Tartarotti, personal communication), the water was filtered
through a large nylon bag (mesh 100 (xm). Preliminary tests showed that there
was no obvious damage to the phytoplankton by our filling procedure. Rotifers
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and nauplii were present in the lake at very low levels, and they were not observed
inside the enclosures during the experiment.
UVB measurements
In addition to photosynthetically active radiation (PAR) (400-700 nm), surface
UV radiation was measured with a multichannel radiometer PUV-510A from
Biospherical Instruments Inc. (San Diego, CA), at four nominal wavelengths
(305, 320, 340 and 380 nm) with a moderate full-width half-maximum waveband
of <10 nm. The PUV-500A, a submersible version of the above-mentioned
model, was used to measure UV radiation inside the enclosures on 10 August.
These measurements were made in mid-water (-0.5 m depth). A correction
factor of 2.6 was applied to the absolute irradiance of the 305 nm channel to compensate for the underestimation caused by the lamp calibration method (Kirk et
al, 1994).
Measurements of nutrients, and dissolved and particulate organic carbon
The enclosures were sampled every second day with a 5 1 opaque
Schindler-Patalas sampler (40 cm long) from the centre of the enclosure after
gently stirring the water with a paddle in order to homogenize the contents.
Samples for nutrients and dissolved organic carbon (DOC) analysis were filtered
through a pre-burned GF/F filter (Whatman), kept at 4°C in acid-washed glass
bottles, and transported to the laboratory in Innsbruck on the same day. DOC
was determined with a high-temperature catalytic oxidation method using a
Shimadzu TOC Analyzer Model 5000. The instrument was equipped with a
Shimadzu platinized-quartz catalyst for high-sensitivity analysis. For particulate
carbon (PC) analysis, between 500 and 800 ml of sample were filtered onto preburned GF/F filters (Whatman) and dried at 60°C for 12 h. The organic content
of the filters was estimated with a Carlo-Erba CHN Analyser 1500. Total dissolved phosphorus (TDP) and particulate phosphorus (PP) were determined
according to Grasshoff et al. (1983), and total dissolved nitrogen (TDN) as
described in Koroleff (1969). Water temperature, pH (WTW 530), oxygen (WTW
191) and conductivity (WTW Lf 1%) were measured in situ, and alkalinity was
determined immediately after sampling at the lake station by Gran titration
(Tailing, 1973).
Samples for phytoplankton were taken in the same way as described above.
Cell counts were made on samples preserved with Lugol's solution using the
Utermohl method (Sournia, 1978). A volume of 50 ml was allowed to settle for
24 h and at least 400 cells (±10% error) from the most abundant species were
counted. Examination of live material helped to identify species with flagella, and
scanning microscopy was used to identify diatoms. The abundance of autotrophic
picoplankton in this lake is always very low (<100 cells ml"1) and therefore was
not considered.
For chlorophyl a (Chi a) measurements, 2 1 of sample were filtered onto
Whatman GF/F and the filters kept frozen until analysis. Pigment extraction was
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carried out in 90% acetone, with sonication in an ice bath for 2 min with a tip
sonicator (Bandelin Instruments, FRG). The extracts were then filtered through
an Anodisc filter of 0.1 (xm pore size (Whatman) and the absorbance measured
at different wavelengths against an acetone blank. The formulae of Jeffrey and
Humphrey (1975) were used to calculate the concentration of pigments. No acidifying corrections were made, but the ratio between the absorbance at 430 and
410 nm was used as a phaeopigment indicator (Moss, 1967).
Data analysis
Multivariate statistical techniques, correspondence analysis (CA), canonical correspondence analysis (CCA) and redundancy analysis (RDA) (ter Braak, 1988) were
used for ordination and testing of the effect of UVB and UVA + PAR on phytoplankton composition and the rates of change. In these analyses, the significance of
an environmental variable in explaining phytoplankton variability was tested by
means of a Monte Carlo procedure, with 999 permutations (ter Braak, 1995).
Results
Surface and underwater UVB radiation inside the enclosures
The daily pattern of UV radiation measured at 305 nm is shown in Figure 2. Radiation levels were highest at the beginning of the 16 day experiment and reached
the maximum of 6.44 jxW cm"2 nm"1 on 1 August. By 10 August, the daily
maximum during sunny days had decreased to 5.30 u.W cm"2 nm"1. This decrease
was also observed at other wavebands, e.g. PAR (data not shown). Between 7
and 9 August, and between 12 and 16 August, the sky was overcast. Inside the
-UVB treatment, radiation levels at 305 and 320 nm were 8 and 28%, respectively, of those in the +UVB treatment (Table I). At 340 and 380 nm, however,
there was no difference in the irradiance received inside both enclosures.
Because measurement of the absolute radiation values was not possible on the
last 6 days of the experiment, we used instead a nominal variable that took the
value 1 or 0 for samples belonging to high- or low-radiation days, respectively.
This simplification is acceptable given the clear grouping of the daily radiation
into high (several hours per day higher than 5 p.W cm"2 nm"1) and low values
(most of the day lower than 3 u,W cm"2 nm"1) (Figure 2).
Comparison between enclosures of the temporal change in phytoplankton
Both enclosures showed astonishingly similar patterns of most of the variables
measured during the experiment (Figure 3). In particular, phytoplankton
biomass, as indicated by Chi a measurements, increased throughout the experiment by 5-fold. This was reflected in the PP values (Figure 3). A total of 20 species
of phytoplankton were identified in both enclosures during the experiment, 14 of
them at levels which could be quantified accurately. Several individual species
showed significant fluctuations in abundance, although such fluctuations were
similar in both enclosures (Figure 4).
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Fig. 2. UV radiation at 305 nm in Gossenkollesee (Alps, Austria) from 31 July to 10 August 1995.
Direct readings were taken every 5 min.
Table L Comparison of irradiances received inside the enclosures and in the lake at the same depth.
Values are the average of 1 min registration measured between 13:30 and 13:50 h real time. Irradiances
are in uW cm"2 nm"1, except for PAR (\iE cm"2 s"1)
Place

305

320

340

380

PAR

Lake
UV enclosure
Mylar enclosure

2.9
2.6
0.21

16.1
18.5
13.4

45.1
33.0
34.0

47.7
49.5
50.0

0.14
0.13
0.16

In order to obtain a comprehensive view of species fluctuations during the
experiment, and to identify possible differences between treatments, we plotted
the two main axes of variability in the species data set obtained from a correspondence analysis of the 14 species which were quantified with sufficient confidence (Figure 5). The closer the samples in the biplot, the more similar they are
in their species composition. The first axis explained a very large percentage of
the total variance (62.2%), and was interpreted as an indicator of the main
sequence of the species succession during the experiment in both enclosures.
Woloszynskia sp. characterized the beginning of the sequence, Cyclotella species
and Ochromonas sp. characterized the middle part, whilst some of the dinoflagellates (Gymnodinium and Amphidium) characterized the end of the
sequence (Figure 5B). The second axis accounted for 21.3% of total variance,
with a positive loading of Chromulina sp. and a negative loading of Chlamydomonas nivalis. This axis showed the slight initial differences between the
enclosure populations, and was of little further interest for the rest of the samples.
In plot A (Figure 5), the samples corresponding to each enclosure were joined
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Fig. 3. Time course of temperature, conductivity, pH, alkalinity, Chi a, dissolved organic carbon
(DOC), total dissolved nitrogen (TDN), particulate and dissolved phosphorus during the experiment.
Cloudy days are indicated by dark bars.

sequentially; thus, the time trajectories of their respective phytoplankton populations could be clearly visualized. For most of the experiment, the populations
in the two enclosures changed in a very similar way.
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Fig. 4. Changes in the abundance of the main phytoplankton species found in the enclosures during
the experiment. Cloudy days are indicated by dark bars.

Species sensitivity to solar radiation
The lack of UVB effect was evident from the results obtained. However, we wondered whether some of the observed changes in the enclosures were related to the
strong fluctuations in radiation (UVA + PAR) during the experiment. Assuming
that each day's abundance for a given species was a function of the previous day's
abundance, the net specific growth rate of the species, and the variability associated with sampling and enumeration, then, if radiation strongly influenced growth
rates, we should find a relationship between the net rate of change of the species
[In (N,JN0)lt, where No and N, are the abundances at two consecutive sampling
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Fig. 5. Plot of the results of a correspondence analysis of species abundance during the experiment.
The lengths of the axes are scaled to the percentage of variance explained. In (A), the paths followed
by the species populations in each enclosure are shown joining the samples of consecutive dates. In
(B), the species scores are plotted to show the main changes in population composition during the
experiment. Arrows in (A) indicate the enlarged area in (B). Diatoms: Fragilaria delicatissima
(FRAD), Cydotella aff. gordonensis (CYCC); Cdistinguenda var. unipunclata (CYCS). Dinoflagellates: Woloszynskia sp. (WOL), Gymnodinium uberrimum (GYMU), G.cnccoidcs (GYMC),
Gymnodinium sp. (GYM), Amphidinium elenkimi (AMPE). Chrysophytes: Ochromonas sp. (OCH),
Chromulina sp. (CHR). Cryptophytes: Chroomonas sp. (CHROO). Chlorophytes: Chlamydomonas
nivalis (CHL), Dictyosphaenum sp. (DYC), Cosmarium sp. (COS).

dates, and t is the time between samplings] and radiation levels. However, if the
effect of radiation was relatively weak, but cumulative, then the rate of change
between sampling dates would hardly show any relationship with radiation,
because a masking effect could be expected from sampling variability, counting
accuracy and factors influencing the rate of change other than radiation. In that
case, it would be more likely to find some correlation between abundance fluctuations and radiation given that we had periods of several days under the same
radiation conditions. We should expect a linear response to radiation in the rates
of change, since in calculating the rate we had already corrected any non-linear
increase or decrease of the abundances. However, we should expect a non-linear
relationship, probably unimodal, from a direct comparison between radiation and
abundance. Therefore, we used different multivariate analyses: RDA for
expected linear relationships and CCA for unimodal ones (ter Braak, 1995).
We did not find any explicative value of UVB either for rates of change or for
abundance fluctuations. However, UVA + PAR explained much more variance:
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10.2% (P < 0.22) of the variance in the rate of change and 31.3% (P < 0.002) of
the variance for abundances. Given the different degree of significance of the two
analyses, we also carried out a RDA on the differences between abundances on
consecutive sampling dates. In this way, trends of several days were corrected,
but we still analysed absolute changes rather than proportional changes already
considered in the rates. The explicative value decreased to 10.5% (P < 0.25), indicating that the UVA + PAR effect was more cumulative through several consecutive days rather than strongly affecting growth rate.
The results obtained concerning the changes in the assemblages do not necessarily apply to each species. From the same analyses, results could also be derived
for individual species (Table II). Radiation had a clear positive effect on
Cyclotella aff. gordonensis both in rate of change and abundance fluctuations.
However, effects on other species were less clear because, for most of them, radiation only correlated with their abundance fluctuations, in a positive (Chlamydomonas nivalis, Woloszynskia) or, more often, a negative way (Gymnodinium
cnecoides, Fragilaria delicatissima, Gymnodinium sp., Dictyosphaerium sp.,
Ampidinium elenkinii and Gymnodinium uberrimum). When tendencies for
several days were corrected with the differentiation, the variance explained for
most of the species decreased dramatically, except for C. nivalis, which increased
significantly, and Chromulina sp. to a lesser degree.
For most of the species, vertical distributions in the lake during the experiment
were consistent with their sensitivity to UVA + PAR with the exception of
F.delicatissima, Gymnodinium sp. and A.elenkinii. Obviously, in these distributions, environmental and biotic factors other than radiation may also have a
significant influence.
Table IL Evaluation of the species sensitive to radiation (UVA + PAR) by means of canonical
correspondence analysis (CCA) and redundancy analyses (RDA) using either their abundance
(CCA), their differences in abundance (RDA) or their rate of change (RDA). See the text for
explanations
Species

Radiation explained variance (%)
Abundance

Difference

Rate of change

Positive relationship
Cyclotella aff. gordonensis
Chlamydomonas nivalis
Woloszynskia sp.
Cyclotella distinguenda
Ochromonas sp.
Chroomonas sp.

37
12
38
27
12
3

21
45
14
15
13
0

30
16
9
8
9
9

Negative relationship
Gymnodinium cnecoides
Fragilaria delicatissima
Gymnodinium sp.
Dictyosphaerium sp.
Amphidinium elenkinii
Gymnodinium uberrimum
Chromulina sp.
Cosmarium sp.

46
57
41
34
31
20
1
0

39
12
26
1
0
2
11
1

3
14
5
7
2
0
6
0
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During the experiment, two morphotypes of Ochromonas sp. were identified
in the samples, one clearly spherical and the other much more irregular. The proportion of the irregular form increased closer to the surface (Figure 6), and in the
enclosures was slightly higher during days of high radiation, although not in a statistically significant way.
Discussion
The observed Chi a increase (Figure 3) is usually found in confinement experiments; for instance, Helbling et al. (1992) observed a 100-fold Chi a increase in
experiments with natural phytoplankton populations incubated for 16 days under
natural solar UV radiation. More interesting, however, was the lack in our study
of any difference in Chi a increase between enclosures. UVB radiation is known
to reduce photosynthetic rates and to have other deleterious effects on phytoplankton (Lorenzen, 1979; Jokiel and York, 1984; Smith et al., 1992; Helbling et
al., 1994); therefore, we expected that cells protected from UVB exposure would
show higher growth rates than those exposed to full sunlight. However, our
results show the lack of a significant UVB effect on the growth of phytoplankton
in this particular alpine lake (Figure 4). All species showed remarkable similarities in changes in abundance in the two enclosures. Karentz (1994) also found
that growth rates of eight diatom species from Antarctic waters exposed to full
sunlight for 12 days showed no difference from those protected from UVB or
UVB + UVA radiation. It was argued that, in these experiments, either the UV
radiation was too low to produce a significant effect, or that diatoms were able to
compensate for short-term environmental changes. In the same experiment,
however, the colonial Phaeocystis sp. was sensitive to UV radiation and, recently,
Karentz and Spero (1995) reported that the same species, in its colonial form,
responded rapidly and adversely to increased UVB radiation during periods of
very low total column ozone in the southern hemisphere spring. They also mentioned that the Phaeocystis decrease did not provide any apparent advantage to
the growth of other algae such as diatoms. This is contradictory to thefindingsof
Davidson et al. (1996) who reported that, following 2 days of exposure of several
cultured marine phytoplankton species from the Southern Ocean to natural solar
radiation, UVB radiation produced changes in species composition favouring the
colonial stage of Phaeocystis antarctica over diatoms. Our results show that in this
high-mountain lake, changes in species composition were not related to UVB.
Some species, however, apparently responded to changes in UVA + PAR.
Fluctuations of Cyclotella species in the enclosures were positively correlated
with UVA + PAR and presented vertical distributions close to the surface in the
lake. This latter feature is common in planktonic Cyclotella, since periodic mixing
prevents a significant loss of cells by sedimentation. Karentz et al (1991) found
that smaller species of diatoms accumulate more DNA damage than large cells.
We found two Cyclotella species differing in size by ~5 jim in diameter. Although
the larger species (C.distinguenda var. unipunctata) was more abundant in the
+UVB treatment than in the -UVB treatment, the smaller species (C. aff.
gordonensis) did not show any evidence of growth inhibition by UVB. On the
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Fig. 6. Vertical distribution of some phytoplankton species in the lake during the period of the experiment. Mean values and the standard deviation from five profiles carried out during the experiment
period are plotted.

contrary, it had the most consistent positive correlation with high solar radiation,
indicating certain advantages under those conditions. Chlamydomonas nivalis
also showed a certain advantage in high-UVA + PAR conditions, which is consistent with the common habitats of this species: snow fields (Huber-Pestalozzi,
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1902; Kol, 1968) and slush layers, and pools on ice covers of mountain lakes
during spring (Felip et al, 1995).
In the experiment, several dinoflagellates were apparently negatively affected
by UVA + PAR. Nevertheless, this sensitivity to radiation was not reflected by
the vertical distribution of all species in the lake. Factors other than radiation may
have a greater importance in determining the distribution of A.elenkinii and
Gymnodinium sp. Some Gymnodinium species are known to migrate several
metres vertically in a few hours. Tilzer (1973) studied the diurnal periodicity in
the phytoplankton of a high-altitude mountain lake and found that G.uberrimum
ascended during the late afternoon and night, and descended in the morning. As
the enclosures were filled late at night, this species and other potential migrators
were also included in the initial populations of our experiment. Interestingly, the
occurrence of G.uberrimum showed a negative correlation with radiation in the
enclosures, and its vertical profile was consistent with that sensitivity. Its large size
enables it to migrate far enough in these clear lakes to be protected from strong
radiation. The other much smaller dinoflagellates might have other mechanisms
to reduce the damage.
A possible explanation for the absence of UVB effects in our experiment is
that the phytoplankton populations living near the surface might be well adapted
to the high solar irradiance levels found in this very transparent lake. In a screening of 67 species of algae, Xiong et al. (1996) found that those from highmountain environments were the most UVB resistant. Several authors (Karentz,
1994; Lesser, 1996) have reported that some phytoplankton species are able to
synthesize UV screening compounds such as mycosporine-like amino acids
(MAAs) that absorb principally in the UVA range. We did not look for MAAs
in the phytoplankton populations of the enclosures; however, the MAAs asterine-330 and shinorine (maximum absorption at 334 nm) have been found in
phytoplankton from this lake (Sommaruga and Psenner, 1997). Helbling et al.
(1994) studied the effect of UV radiation on Antarctic marine phytoplankton
and found that the most sensitive species were phytoflagellates, while diatoms
were less affected. They found that diatoms tended to dominate in areas where
the upper mixed layer was shallow. This is also the general trend in our results;
however, we found exceptions for both diatoms and dinoflagellates. For
instance, F.delicatissima was negatively affected during days of high radiation,
and in the case of dinoflagellates, Woloszynskia sp. appeared quite successful
given its positive relationship with radiation in the enclosures and its shallow
distribution in the lake. Therefore, although some general trends exist, sensitivity to radiation is a species-specific characteristic. In relation to this, we would
like to point out that the taxonomy of algae in Alpine regions, particularly flagellates and small diatoms, is still in a developing state; in this paper, we have followed the recent work of Wunsam etal. (1995) for naming the Cyclotella species
found.
The vertical distribution of the irregular form of Ochromonas in the lake also
suggests an effect of solar radiation. However, no significant relationship between
radiation and the abundance of the irregular form was found during the
experiment. Some of these discrepancies can be related to the fact that only UVB
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was excluded from one enclosure, whereas much, if not all, of the UV radiation
effect may be due to wavelengths in the UVA range.
Our experiments were carried out at high levels of UVB radiation characteristic of high-elevation sites during the growing period after the ice break-up. A
decrease in stratospheric ozone will substantially increase irradiance at the
shorter wavelengths in the UVB range. Therefore, our results cannot be extrapolated directly to a scenario of higher UVB radiation. However, these data indicate that the effect, if any, on phytoplankton growth and species composition in
high-altitude mountain lakes will not be pronounced.
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