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Abstract

The Antarctic ozone hole and a general depletion of the stratospheric ozone layer cause increased levels of ultraviolet-B solar radiation
(UV-B) over Tierra del Fuego, the southernmost tip of South America. For three consecutive growing seasons (1997-2000), we studied
the biological impacts (morphology, physiology, demography and phenology) of natural UV-B radiation on a peSaticizinia
ambiguaMichx. community in San Sebastian Bay (53 and 68 W), Tierra del Fuego, Argentina. This is the first UV-B screening
experiment on a subantarctic halophytic community. The shortwave UV-B spectrum (280 to 320 nm) was excluded by covering plots with
UV-B blocking film (Mylar). These plots were compared to controls covered with UV-B transparent (Aclar) plastic screens, and
unscreened plots. Shoot lengthSalicorniawas not affected by UV-B. Exposure to natural UV-B reduced biomass and density (by 17%
and 38%, respectively). Concentration of UV-shielding pigments and cuticle thickness were both significantly higher (25-48% and
21-40%, respectively) in plants receiving ambient UV-B. The increase in cuticle thickness persisted throughout the growing season,
whereas pigment concentration was higher at the beginning of the growing season. Also, the number of dead shoots was higher in plant
exposed to UV-B. At the end of the growing season (March) shoot mortality was higher in plants exposed to ambient UV-B, and
post-flowering senescence was 30 days earlier. Slight changes in the relative compos8alicarhiato Puccinellia were seen. The
reduction observed iBalicorniashoot density under ambient UV-B was cumulative over time; 23% in the first growing-season, rising to
38% by the third growing-season. A similar incremental increase in pigment absorption at 305 nm was seen; 25% in the first and 48% in
the third growing season.
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1. Introduction ter) data for 1978-1999, a downward trend occurred in

ozone column thickness over Ushuaia, in the spring and
Studies of the biological effects of natural ultraviolet-B summer of these y&hr¥his led to an increase in UV-B

radiation (UV-B; 280-320 nm) have proliferated as a radiatidh, as confirmed by the significant inverse

consequence of the springtime Antarctic ‘ozone hole’, first correlation between ozone column and ground level bio-

reported in the 1980§1]. During the 1990s, the surface logically effective UV doses, at this {dy@7].

area of the ozone hole reached 24 million *i2]. In The effects of UV-B radiation on biological systems

September of 1988 NASA reported its expansion to 27.3 have been evaluated by the UN Environment Programme

million km? and a minimum ozone column thickness of 90 [8]. Many studies have shown deleterious effects of natural

DU (Dobson Units) over the Antarctic. During 2 weeks in UV-B radiation on plants via reduced photosynthesis and

1994 and November—December 1995 ozone-depleted air biomass prod@etidi}. Changes in the size of leaves,

from the hole, extended over South America to aboit38  plant morphology and primary productivity are common

[3]. effects of UV-B radiation on plants under field conditions

Based upon TOMS (Total Ozone Mapping Spectrome- [12,13]. Although environmentally relevant UV-B doses in
the field may have small effects on photosynthetic pro-
*Corresponding author. Tel+54-2901-422-310; fax:-54-2901-430- cesses, they may alter pI’Odu_CtIVIt)_/ throth changes in
644. canopy structure and hence light interception (e.g. leaf
E-mail address o bianciotto@gmx.ne¢O.A. Bianciotto). expansion and plant morphologj)4]. Stem elongation in
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plants is influenced by the auxin indole acetic acid, which involving UV-exclusion to evaluate the impact of natural
absorbs in the UV-B range and can be photodegraded by UV-B radiation on the marine coastal ecosystems of Tierra
high UV-B radiation doseq15]. However, plants can del Fuego. These ecosystems are extremely important
protect their tissues from harmful radiation by accumulat- because of their high productivity, their capacity to stabi-
ing UV-B protective pigments in the epidermal layer of lise the sediment, providing fisheries habitat and playing a
their leaves[16] and by repairing damaged DNJ6,10]. major role in the filtration of coastal nutrient8,29]. This

The leaf epidermis is thought to play a major role in work aims: (a) to analyse the effects of natural UV-B
attenuating UV-B radiation, and in diminishing the po- radiation on shoot growth and density, biomass production
tential of UV-B to damage the mesophyll. Flavonoids, and and the epidermal screening properties in pl&nts of
other phenolic compounds, located in the epidermal cells’ ambigua in a long-term field experiment (3 years); (b) to
vacuole, absorb UV-B[17]. Experiments into flavonoid assess population and phenological changes at the com-
formation inPinus sylvestris L. seedlings have shown that munity level and (c) to evaluate the impact of temporal
diacylated flavonol glycosides are accumulated in the environmental UV-B variability on a Tierra del Fuego salt
needles as a response to supplemental UV-B treatment marsh.

[18].

The comparatively small solar angle of incidence, and
the thicker ozone layer found towards the poles, provide 2. Materials and methods
conditions of less solar radiation than are seen at lower
latitudes. When the ozone hole appeared, these conditions?.1. Experimental site and ozone trends
changed19]. Robberecht et a[20] compared the penetra-

tion of UV through the epidermis of Alaskan plants with The field experiment was conducted in San Sebastian
low latitude plants of Hawaii and the Andean Mountains. Bay located in the Northeast of Tierra del Fuego, Argen-
They observed greater transmittance of the radiation tinda 28352’ S, 68 4’ 26" W) 230 km north from the
through the epidermis in Arctic plants to be attributable to city of Ushuaia. It is a semicircular bay 55 km long and 40
their lower concentration of protective pigments. km wide. The local climate is maritime. In the coldest

Laboratory studies are very important in defining bio- month (July), mean temperature is d&wtidile in the
logical responses to UV-B. However, exposure to artificial warmest (January), it reacti€s A@nual rainfall is
radiation sources cannot replicate changes in natural solar about 300 mm. There are frequent and strong westerly
irradiance, and the time scale over which they occur. winds (ca. 200 days per year), which attain mean speeds of
According to Caldwell and Flinf21], only 15% of the 60 km/h, with maximum of 150 km/h in spring and
work carried out on plant responses to UV-B give radiation sumfBet. These winds cause high evaporation rates
doses similar to those observed under field conditions. and increase tidal level.

Long-term field studies into the effects of UV-B radia- Salt marsh communities in Tierra del Fuego are part of a
tion on vascular plants on the coast of the Beagle Channel Fuegian Steppe, and it is possible to describe three type
(Subantarctic Region) commenced in 1997. Ambient UV-B [31,32]: saline lagoon grassland, with vegetation domi-
is known to have a significant inhibitory effect on the natedHxydeum lechlerii, Puccinellia spp.,S. ambigua
growth of herbaceous and graminoid species of this region. ledophyllum cupressiforme scrub (Mata Verde),

In Gunnera magellanica, the inhibitory effect is accom- covering high borders of lagoons (albardones) or over the
panied by increased level of DNA damage in leaf tissue. crest of cheniers. PasturBscadhellia sp. and S

The density of DNA dimers in the early spring is corre- ambigua, with salinity around 7—10 g/l, over ancient tidal

lated with the dose of natural UV-B measured at ground plains. Carp&sanfbigua with a presence of scattered

level [6]. In Antarctica, increases of 32% IDeschampsia graminoid Puccinellia sp., growing on intertidal plains
antarctica leaf length, and 55% in leaf number, in re- nearly from the outlet of the San Martin River, with a
sponse to UV-B exclusion were reportg@8]. Seedlings of salinity of 18—35 g/I, the site of the present study.
Colobantus quitensis and D. antarctica exposed to natural S ambigua is a creeping perennial herb with much-

UV-B radiation showed less biomass production, fewer branched jointed succulent stems, somewhat woody at the
leaves, and reduced leaf area compared to plants growing [BakeNew shoots sprout in spring (October), and in
under attenuated UV-B radiatid@4,25]. San Roman et al. autumn (May) some lignify while others senesce. Plant
[27] found significantly lower pigment concentration and height is around 7-10 cm, and lateral branches reach
increased shoot density ialicornia sp. growing under around 1-3 cm.

attenuated UV-B radiation on a salt marsh in Tierra del To assess the influence of ozone depletion on San
Fuego. Sebastian Bay, ozone data for Rio Grande (80 km south

This investigation focuses on the ubiquitous salt marsh from San Sebastian Bay) were obtained from the NASA
speciesSalicornia ambigua, the dominant species in a Total Ozone Mapping Spectrometer (TOM®Sp: A

community also containingPuccinellia sp. (nearly 1% /jwocky.gsfc.nasa.gov/ TOMSmainThe UV-B data were
coverage). This is the first long-term field experiment collected from an IL 1700 research radiometer (Interna-
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tional Light, Newburyport, MD, USA) also located in Rio
Grande. To calibrate the IL 1700 radiometer, measured
UV-B data were compared with solar UV-B radiation
estimated from the UVR channels of a spectroradiometer
(GUV-511, Biospherical Instruments). This estimation of
UV-B (280—320 nm) was calculated using a multiple linear
regression from 305 nm and 320 nm GUV-511 dg@h

UV-B = 59.5X E o + 4.1X E,,

Since we had not 24 h data, the UV-B doses were
calculated by integrating the data taken from 11:30 to
15:30 h because the solar noon at Rio Grande is at 13:30 h
Peaks in UV-B doses (between 11:30 and 15:30 h)
generally corresponded to days when the ozone column
was the thinnest (under 300 DUFi¢. 1la and h The
scattered UV-B peaks were the highest during late spring
(December) and the lowest during early summer (January).
For the same time period, similar correlations between
depletion of the ozone column and increased daily UV-B

doses have been reported in Ushuaia and close to Punta

Arenas (Chile) by other authorft,35,36]. It was not
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Fig. 1. Ozone column and UV-B ground level solar radiation at Rio
Grande. The ozone column data are from NASA TOMS. The UV-B doses
were calculated by integrating data from 11:30 to 15:30 h (solar noon at
Rio Grande: 13:30 h). Missing data correspond to days not recorded by
IL research radiometer. Notice when ozone column is lower than 305 DU,
UV-B dose peaks occur.
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possible to weigh biologically relevant UV-B doses be-
cause of the instrument used for the experiment. The IL
1700 radiometer used only records the overall UV-B dose
range, but does not record UV-B doses at specific wave-
lengths.

2.2. Experimental set-up and treatments
A 50X 30 m mapped area (topography and vegetation

distribution) was enclosed to exclude the grazing cattle. A
complete randomised blocked design with three replicate

. plots »fl122n was used for each treatment. To create

an attenuated UV-B treatment, plots were covered by a
clear polyester filmu@d Tbick, optically equivalent to
‘Mylar-D’, Dupont); to create a near-ambient UV-B treat-
ment plots were covered by thick ‘Aclar’ plastic film; and
three plots were left uncovered to provide a comparison
with ambient UV-B radiation under unmanipulated con-
ditions. In the centre of each plot, small sub-plots (0.25
0.25 m) were set-up and marked for non-destructive
measurements only (shoot length and density). The re-
maining area inside the plot was considered a buffer zone,
where destructiveSalicornia samples (for pigment ex-
traction, cuticle thickness and biomass) could be taken.

The microclimate under these treatments and adjacent
open areas was monitored during the three growing
seasons. The spectral climate under the films was mea-
sured with an IL 1700 research radiometer. The reduced
UV-B treatment (Mylar) allowed-32% transmission of the
daily ambient UV-B to reach the plant canopy under the
frames, while near-ambient UV-B treatment allowed 87%
of the daily ambient UV-B to reach the plant canopy.

Air temperature and wind speed were recorded using an
electronic thermometer (model Brand) and a digital wind
meter (Kestrel, Ben Meadows, USA) every 21 days during
the growing season—October to April (between 14:00 and
16:00 h)—to coincide with our measurements. Ten mea-
surements were made outside the screens, as well as under
each screen. Samples for soil humidity and soil con-
ductivity measurements were collected from outside the
plots’ area. These were collected three times during the
growing season (October, December and March), and at
the end of the experience in all of the plots, and were
analysed at Consejo Agrario Provincial Soil Laboratory,
Rio Gallegos, Argentina. Outside the exclusion area the
soil conductivity range was between 43 and 21 mS/cm.
Soil conductivity beneath the filters did not differ from that
outside the filtered areas?€0.135). The general soll
humidity changed between 11 and 30%. We did not find
soil humidity differences between filtered plots and outside
(P=0.065). Hence, no data are shown. Air temperature at
plant canopy height (5 cm) averaged 0.2—@4higher
under both filter treatments than in the open marsh.
Similarly, average wind speed was 30% lower under the
filters compared with open areas.
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2.3. Shoot length, density and phenology 2.6. Satigtical analysis

Plants within each plot were cut te5 cm above the The parameters were analyzed using a one-way ANOVA
ground at the beginning of the experiment to avoid apical to test the effects of UV-B treatments. Repeated-measures
dominance. All plants emerging within the 0:228.25 ANOVA was not used to analyze main shoot length,
central squares were counted to determine density of because every year the measurements were taken o
shoots every 21 days during the growing season, since different shoots. All statistical tests used a 0.05 level of
flowering was discriminated between live and senescent significance. Unplanned comparisons between means wer:
(dead) shoots. Because of a high density of annual shoots done using the Scheffe method. The relative reductions ir
(6400 to 19,200/rh ), central sub-plots were divided into shoot density and the relative increment in absorbance at
16 equal subplots to count in the field. Concurrently, 305 nm attributable to UV-B were calculated by a regres-
phenological observations of sprouting, flowering and sion using an adjusted linear model.

senescence were made on this population. Each year,

inside these permanent sub-plots, 25 randomly chosen new

annually produced shoots were tagged. Length of the main3. Results
shoot axis was measured at flowering with a calliper (due

to the small size of th&alicornia sprout). 3.1. Shoot length, density, phenology and biomass
2.4. Pigment analysis and cuticle thickness Main shoot length measured at flowering was signifi-
cantly greater in plots receiving near-ambient UV-B radia-
After collection, samples were preserved in a freezer at tion than those receiving attenuated UV-B and the no filter
—18°C until extraction. Tissue samples were ground with control, only in the second year of treatmenits J).
methanol:acetic acid (99:1, v/v). Extracts were centrifuged There were consistent effects on live shoot density. In
at 1000 rev./min for 5 min. Then the supernatant was late summer of the third growing season (2000), the total
decanted into a quartz cuvette for analysis. Absorbency of number of live shoots was greater in plots receiving
methanol extractable UV-B absorbing compounds was attenuated UV-B compared to near-ambient UV-B plots
measured from 280 to 320 nm in steps €6 nm in a (and the no filter controllP&0.05; Fig. 2). In late summer
double-beam spectrophotometer (Metrolab 1700 UV, of the second and third growing seasons, UV-B attenuation
Argentina). Another one measurement was done at 665 nm also reduced the total number of dead (including senes
for chlorophyll determination. The results were normalised cent) shéotO(01; Fig. 3).
by weight and solvent volume. Chlorophyll concentration The growing seasof. fambigua was longer under
did not differ between samples. attenuated UV-B than under near-ambient (or the no filter
Cuticle thickness was determined every month over the control). Flowering was delayed by ca. 30 days and
three growing seasons using a light microscope (Carl senescence by 20 days in the attenuated UVHRyplots (
Zeiss, 40 w, Germany). The shoot portion just below the 4). Dry mass production was 20% greater in attenuated
mid-point was cross-sectioned and cut with a freezing UV-B plots than in the near-ambient UV-B plots (84%
microtome (Reichert 343). The cuticle was stained with greater than the no filter confraksdg (D).

Sudan 1V to facilitate the identification. Six preparations of
each replicaten(=3) were done and three readings on 3.2. Effects of UV-B on protective sunscreens
random cuts were taken using an ocular micrometer.
Concentrations of methanol extractable UV-B-absorbing

2.5. Plant cover and total biomass compounds were consistently higher (25-48%) in plants

grown under near-ambient, compared to attenuated UV-B

At the beginning and at the end of the investigation,

plant cover was evaluated inside each permanent plot.1gpe 1
Aerial plant cover of annual shoots was assessed andEffects of UV-B radiation on height and plant dry massSfambigua
compared between the first and the third year. Pictures of 1 cament Main shoot length at flowering
each subplot (0.280.25 m) were taken with a camera (mm) Dry mass
(Chinon S24) every summer. On these pictures, the 21297 81298 6-12-99 (9/in)
Salicornia and Puccinellia cover percentage area was

.1 Ambient UV-B 18.37 10.13 9.45 741.87
calculated from each sub-plot. At the end of the third = = - o 99 48 1615 976 114209
growing season, circular samples were taken, with a large pyenuated UV-B 10.98 11.89 792 136915
bore, (0.10 m deep and 0.10 m diameter) from each P=0.190 P<0.01 P=0.063 P=0.058

treatment's plOt to evaluate total dry matter above and Height (mm) at flowering during the 3 experimental years and plant dry

below ground. Dry biomass was determined after keeping mass (g/rh ) measured at the end of the experiment. At December 8th
the samples for at least 3 days at°@ 1998, the differences occurred between near-ambient and ambient UV-B,
and between near-ambient and attenuated UV-B.
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Fig. 2. Shoot density o8 ambigua at ambient, under near-ambient and
attenuated solar UV-B radiation. Data were analysed by one-way
ANOVA, results from which are shown in each figure. The differences
were significant between treatments during the third period. There was a
significantly greater live shoot number in plots receiving attenuated than
under near-ambient UV-B (and the no filter controN=3 (meant1
S.E).

(P<0.01, Fig. 5). Plant growth in the no-filter plots also
exhibited increases in UV-B absorbing compounds in late
spring and early summer (50—80% above attenuated-UV-B
plants,Fig. 5).

Cuticle thickness was consistently increased under near-
ambient, compared to attenuated UV-B radiatiBr<(Q.01,
Fig. 6). The mean (1997-2000) increase in thickness was
20% in spring, and 40% in late summekid. 6).

4. Discussion
The occurrence of similar spring and summer ozone
depletion over Rio GrandeF{g. 1) to that seen over the

rest of southern South America, was confirmed using
TOMS data. Some days of reduced ozone column thick-
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Fig. 3. Dead shoot density db. ambigua with no filter, under near-
ambient and attenuated solar UV-B radiation. Data were analysed by
one-way ANOVA, results from which are shown in each figure. We found
significant differences between attenuated and near-ambient/ambient
treatmentsN=3 (meant1 S.E.).
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Fig. 4. Phenological changes B ambigua with no filter, under near-
ambient and attenuated UV-B solar radiation (emergence; daglst
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and senescence by 20 days in the attenuated UV-B plots. Final senescence
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Fig. 5. Effects of UV-B treatment on absorbing compounds extracted
from S. ambigua during early summer and late spring over the 3 years.

The absorbance values at 305 nm were normalised for 1 ml of methanol
and by the sample weight. The results from one-way ANOVA show

consistent differences between treatments (mdas.E.) 0=3).
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Fig. 6. Effects of solar UV-B on cuticle thickr@ssantiigua
measured over 3 growing season years. Data analysed by one-way
ANOVA show significant differences during spring and summer with

thicker leaves under near-ambient UV-B radiation (mda8.E.) 6=3).
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ness 305 DU) were observed during every month of the fewer branches, respectively, in seedlings grown under

growing season. Ozone depletion caused a clear increase in ambient and near-ambient UV-B condition than attenuate

ground level UV-B radiation in Rio Grande, which UV-B. Xiong and D#B] also found a reduction of

occurred in spite of the frequently heavy cloud coMeig( 11-22% in total biomass, and 24—-31% of total leaf area.

1). We can contrast the substrate required 3aicornia,
Organisms may be adapted to the levels of UV-B against the requireme@ alfantus and Deschampsia:

radiation where they exist. Prior to ozone depletion, levels Salicornia requires high salinity and pH7, whereas
of UV-B radiation in Tierra del Fuego were low, but the Colobantus and Deschampsia need high acidity (pH:5)
large relative increase now seen may be most relednt  arising from a high concentration of aluminium or hydro-

given that the magnitude of UV-B fluctuation has been gen ions in thg4b#?2]. The three genera give similar
shown to affect the degree of damage caused to the plant. responses to near-ambient solar UV-B radiation: i.e. thickel
Plants subjected to very low levels of UV-B radiation and leaf-cuticle and increased pigment concentration, reduction
subsequently exposed to high doses display UV-B sen- in the number of shoots, lower biomass production, fewer
sitivity [37,38]. Reduction of plant growth rates, shoot-leaf leaves and reduced total leaf area, slower leaf elongation
density, plant biomass, and an increase in UV-B-absorbing rates and shorter fully expended leaves. We suspect tha
pigments and cuticle thickness have been observed in these similar responses of plants from these three gener
response to augmentation of UV-B radiation. could be a consequence of their adaptation to two en-
Shoot elongation ofS. ambigua was not affected by vironmental extremes, although further studies are needed
natural solar UV-B Table J). In another 3-year exclusion to confirm these preliminary conclusions.
experiment (using filters) along the latitudinal gradient The timing of life phases in plant communities is a
between Bahia San Sebastian, Tierra del Fuego (Argentina, combination of response to environmental factors and the
52° S, 68 W), outlet of Rio Chubut (Argentina, 43, 64 genetic constitution of plants. The timing of events such as
W), Lagoa dos Patos (Brazil, 32S, 52 W) and flowering or senescence of foliage can be altered by UV-B
Chesapeake Bay (USA, 38|, 75 W), Koch and Col39] radiation[11,43], and in S, ambigua we observed shorter
found that exposure to solar UV-B did not affect growth flowering and early senescence under near-ambient solar
parameters (such as leaf/shoots elongation), in salt marsh UNIEB 4).
vegetation $artina, Juncus, and Salicornia). The high UV-B absorbing compounds in the leaf cuticle and
flavonoid concentration ajuncus and Spartina leaves may epidermis reduce penetration of UV-B radiation into the
confer protection on these plants. B ambigua, the leaf. Increased UV-B can alter the composition of plant
concentration of UV-B absorbing pigments is even higher, secondary compounds; for example, increasing flavonoids
and cuticle thicker, than in the other two species, thus and related phenolic comppihds]. Changes in
explaining the lack of response of shoot elongation to solar epidermal UV-B screening compounds, leaf and cuticle
UV-B. In contrast, Day et al[40] found that Antarctic thickness potentially provide protection to plants against
solar UV-B radiation led to slower leaf elongation rates UV-B damage, and reduce the penetration to underlying
and shorter fully expended leaves Df antarctica and C. tissues [46]. Salicornia showed an increase in UV-B
quitensis, in a long-term study. absorbing pigments under near-ambient UV-B radiation
Near-ambient solar UV-B reduced the density &f (Fig. 5). There were consistently higher concentrations of
ambigua live shoots Fig. 2) only after the third growing methanol-extractable UV-absorbing compounds in plants
season of our study. New shoots arise from buds formed under near-ambient UV-B conditions. In some conifers,
during the previous growing season, so differences were young leaves attenuate less UV-B than more mature leave:
not anticipated until after the first year of treatments. [47]. If also true forS ambigua, this could explain why
Several other plant species in Tierra del Fuego and younger shoots produced in November and February
Antarctica have also shown no difference in vegetative showed the largest treatment &ffpcE ¢gther months
growth after one growing season, followed by subtle not shown). At mid and high latitudes (Puerto Madryn and
responses during the second year of UV-B treatments Tierra del Fuego) UV-absorbing pigment concentrations
[25-27,34,50]. were highest inS. ambigua growing under solar UV-B
In salt marshes at medium and low latitudesincus levels at the beginning of the growing season. This
roemerianus—Spartina alterniflora in USA, andJ. effusus tendency may be related to changing solar UV-B doses
in Brazil did not display any change in shoot/leaf density during spring and summer.
as the result of UV-B exclusionSpartina longispica in There appeared to be a cumulative response, through
Puerto Madryn increased tillering above ambient condition successive years, in some responses to UV-B: these were
[39], which we saw inS. ambigua. the number of live shoots and absorbance at 305 nm (as
Ruhland and Day25] observed a reduced growth under indicative of the concentration of UV-B absorbing com-
near-ambient solar UV-B radiation in two higher plant pounds). To assess whether UV-B effects on this variable
species of the Antarctic PeninsulB; antarctica and C. showed an increment with the year, we examined temporal

quitensis. They reported 7-16% fewer leaves and 65—-82% trends in the relative reduction in these parameters that
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8 45 UV-B effect on absorbance, though overall it increased
g 40 - form 25% (1997) to 48% (2000). Again, a tendency of
Q 35 4 positive correlation betzween these two parameters with a
o linear model adjusted“=0.671 {ig. 8). For perennial

£ = 30 R’= 0.5901 plants, it has been proposed that the effects of UV-B on
S 25 growth might accumulate over the yed#9,48,49].

S ‘E 20 1 Differences in the response to solar UV-B among plant
3 15 species could be the result of the adaptation of inherent
g 10 - mechanisms to tolerate only a certain maximum threshold
.“2’ 5 of UV-B exposure. Plants respond to UV-B radiation by
® 0 synthesising pigments that absorb in these wavelengths, or
s ' ' by morphological and physiological changes. Salt marsh

97/98 98/99 99/00 species living under high environmental stress appear to
Fig. 7. Relationship between relative reduction in density (shoots per m ) adopt this dose-dependent response to UV-B radig86h
of S ambigua attributable to UV-B exposure and growing season. S ambigua responded to UV-B levels independently of
Relative reductions were calculated as the change under near-ambientother environmental stresses: perhaps this is a stress-
UV-B expressed as a percentage of the value. tolerant plant that did not yet reach the threshold of its
stress response. Current levels of solar UV-B radiation

appeared attributable to UV-B radiation effects (the reduc- have measurable inhibitory effects on a perenaiicor-

tion under near ambient UV-B treatment expressed as ania salt marsh.S ambigua showed changes in some
percentage of data under attenuated UV-B). The resultsgrowth parameters (density of live and dead shoots, and
showed that the relative reduction in number of live shoots biomass production), also increased concentration of epi-
(green shoots) tended to increase from 22% (1998) to 41%dermal UV-B screening compounds and cuticle thickness
(1999) with a light decline in the third growing season as mechanisms to reduce the penetration of UV-B into the
(38%). We found a tendency to a positive correlation mesophyll. A slight decrease in cover (shoot density$.of
between the relative reduction and year (linear model ambigua (and corresponding increaseRuiccinellia) under

adjustedr >=0.59; Fig. 7). There was no clear cumulative near-ambient solar UV-BTable 2 indicates that domi-
nance ofS. ambigua in this community may decrease if

current trends for increased solar UV-B continue. In
conclusion, Salicornia, along with Deschampsia and
Colobanthus, appears to be a good indicator species, to
assess the impact of ozone depletion on Austral eco-
systems.
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