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Chai 1994; Skerratt et al. 1998). Despite considerable
differences, the results all suggested a detrimental effect of
UV radiation on the relative abundance of PUFAs either
due to photo-oxidation of double bonds or a negative effect
on PUFA synthesis. Interspecific differences in the reac-
tions of phytoplankton species exposed to UVB radiation
were observed by both Wang and Chai (1994) and Skerratt
et al. (1998), but the exposure usually reduced the PUFA
content.

The nutritional quality of phytoplankton is also affected
by changes in cellular stoichiometry. The C, N, and P ratios
are considerably more variable in autotrophs than in
consumers, and C: P and C: N ratios are typically far lower
in consumers. Hence, a mismatch between food ratios and
consumer demands might lead to reduced growth because
of an inadequate availability of N or P relative to C, i.e., an

excess of C (Anderson and Hessen 1995; Sterner and Elser

2002). A key determinant of the phytoplankton C: P ratio
is irradiance, notably photosynthetic active radiation
(PAR, 400-700 nm) (Urabe and Sterner 1996; Hessen et
al. 2002) because high PAR causes a disproportionately
high uptake of C relative to P. UV radiation affects the
cellular stoichiometry of autotrophs in different ways. The
C: N ratios of phytoplankton are only moderately or not at
all affected (Fauchot et al. 2000; Mousseau et al. 2000),
probably owing to a simultaneous inhibition of photosyn-
thetic carbon fixation and nitrogen uptake. C:P ratios,
however, decrease during UV exposure compared to
controls (Xenopoulos et al. 2002; Tank et al. 2003; Leu et
al. 200&) because of either enhanced C and N uptake in
the UV-shielded controls or increased P uptake during UV
irradiation.

Since nutrient limitation also reduces the amount of
PUFAs (Reitan et al. 1994), even interactions between the
two indicators of food quality, PUFAs and cellular
stoichiometry, are likely. The overall impact of UV
radiation on phytoplankton food quality is thus not very
clear.

In the high Arctic, organisms are commonly exposed to
rapid fluctuations in UV radiation caused by shifts in
meteorological conditions, mixing regimes in the water
column, or shifts in ice cover. Here, we investigated the
short-term effects of UV radiation on PUFAs and the
cellular stoichiometry of three dominant diatom species in
the Arctic (Thalassiosira antarcticavar. borealis, Chaeto-
ceros socialis, Bacterosira bathyomphaldn addition, we
measured the photosynthetic efficiency during UV expo-
sure and after recovery to determine the extent of inhibition
and the recovery potential of photosynthetic carbon
fixation.

Materials and methods

Cultures and experimental setupFhe experiments were
carried out with unialgal cultures of the diatom species
Thalassiosira antarcticavar. borealis, Bacterosira bath-
yomphala and Chaetoceros socialisMonocultures were
isolated at the Norwegian College of Fishery Sciences in
Tromsg, Norway, from germinating resting spores con-
tained in bottom (60 m) surface sediments collected in May
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Fig. 1. Transmission spectra of cellulose acetate and Ultra-
phan 400 foil.

2001 in subarctic Austnesfjorden (Lofoten). The diatoms
were cultured prior to the start of the experiment in f/2
medium (Guillard 1975) at 3IC and an irradiance of
170mmol m-2 s-1, provided by fluorescent tubes (OS-
RAM Lumilux de luxe 36W/950 daylight) under a 16 h:8 h
light : dark (LD) cycle. Photosynthetically active radiation
(PAR) was measured with a $ sensor (QSL-100, Bio-
spherical Instruments). During the experiment, irradiation
was provided by three daylight fluorescent tubes (same as
above) and two Q-Panel UVA-340 fluorescent tubes (Q-
Panel Lab Products) mounted above the algal cultures. The
UV spectrum of these light tubes closely resembles the solar
spectrum between 280 and 350 nm (Bischof et al. 1998).
The entire setup was covered with aluminium foil to
provide a light field as homogeneous as possible. During
the 56-h experiment, the diatoms were kept in quartz
Erlenmeyer flasks and were exposed to UV radiation for
8 h daily on three consecutive days, starting 3 h after
initiation of the light period. Two different treatments of
four replicates each were applied: (1) PAR: no UV; shielded
from UV radiation by an Ultraphan 400 foil (Digefra) and

(2) UV: PAR UV, covered with cellulose acetate foil
(Tamboer & Co Chemie B.V.) to correct for the 10%
absorption of Ultraphan 400 in the PAR spectrum.
Transmission spectra of the two different foils are shown
in Fig. 1.

Intensities of the applied UVA (320-400 nm) and UVB
(280—-320 nm) radiation were measured with an IL 1400A
radiometer (International Lights) equipped with an SUL
033 sensor (UVA) or an SPS 300 sensor (UVB). Since the
SUL 033 sensor has no sharp cutoff at 320 nm, we used
Mylar foil for measuring UVA intensities. The experiments
were carried out with a maximum of two species at the
same time, with two treatments of four replicates each, i.e.,
the experimental bench was set up with 16 algal cultures.
Irradiance was measured at all 16 positions (UVA: 11.3%
0.6 Wm—2 UVB: 1.0 6 0.06 W m—2; mean 6 standard
deviation [SD]). The UVB irradiance was similar to noon
values measured at the sea surface (in air) on a clear day in
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Fig. 2. Chl a concentrations in cultures of Thalassiosira antarctica Bacterosira bath-
yomphalg and Chaetoceros socialiever the course of the experiment. Shown are meais SD (n
= 4); values are not corrected for the daily dilution of 0.25.

0.001) in the RM-ANOVA. In the controls of all three of the cultures of two of the species exposed to UV
species, particulate C concentrations also increased during radiation increased slightly (from 1.5 to 1.9 mg L1 in
the 56-h experiment, from 1.5 to around 4 mg L1, despite  T. antarctica, and from 1.5 to 1.8 mg L=1 in C. socialig;
the dilution rate of 0.25 d—1 (Table 1). In contrast to the in B. bathyomphala the particulate C concentration
results obtained for Chla, the particulate C concentrations  decreased from 1.7 to 1.4 mg t! (Table 1). The average

Concentrations and molar ratios of particulate carbon, nitrogen, and phephorus in Thalassiosira antarcticaBacterosira
bathyomphala and Chaetoceros socialishown are mean$ SD (n=4; n=3 for t=0 samples ofT. antarctica and C. socialig; t=0 are pre-
incubation values, andt-values and significance levelgj of t-tests between postincubation UV and postincubation PAR samples on day
3 (df=6) are also shown.

Thalassiosira antarctica

t=0 PAR uv t-value p
P (mg L-1) 646 4 1646 11 158 8 0.8 0.460
N (mg L-1) 2906 64 91@6 63 41% 24 14.4 0.000*
C (mg LY 14706 139 405B 165 193® 76 234 0.000*
C:N 66 1 5.6 0.2 540.1 -15 0.170
C:P 606 9 646 5 3% 2 12.6 0.000*
N:P 106 3 1246 1.3 5% 0.4 9.6 0.000*
Chaetoceros socialis

t=20 PAR uv t-value p
P (mg L-1) 916 13 123% 18 1154 1.19 0.280
N (mg L-1) 2746 63 777 50 316 25 16.76 0.000*
C (mg LY 1518 347 393% 375 1788 130 - <0.05*
C:N 6.56 0.1 5.% 0.2 6.6 0.1 - <0.05*
C:P 436 6 846 18 416 4 - <0.05*
N:P 6.66 0.9 14.32.7 6.16 0.6 5.86 0.000*
Bacterosira bathyomphala

t=20 PAR uv t-value p
P (mg L-1Y) 766 4 1846 7 1416 15 5.33 0.000*
N (mg L-1) 38% 10 88% 15 266 17 54.06 0.000*
C(mg LY 1747 21 43085 35 1418 71 73.33 0.000*
C:N 5.26 0.1 5.6 0.1 6.5 0.2 —4.46 0.000*
C:P 5% 3 606 2 266 4 16.53 0.000*
N: 11.36 0.7 10.6 0.5 4.2 0.6 16.16 0.000*

* Statistically significant differences between the two treatments.
T No t-test possible because of lack of homogeneity of variances. Shown grealues from a nonparametric Mann-Whitney U-test.
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Fig. 3. Optimal quantum yield (F,/F,,) measured inThalas-

siosira antarctica Bacterosira bathyomphala and Chaetoceros
socialisin the middle of the daily UV irradiation period. Recovery
measurements were taken in the morning, immediately before the
UV lights were switched on. Shown are mean§ SD (n = 4).

growth rates of the controls calculated from particulate C
concentrations were 0.686 0.05 d-* (mean6 SD, n = 4)
for T. antarctica, 0.676 0.11 d-1 for C. socialis and 0.63
6 0.01 d-1for B. bathyomphalaUV radiation led to a 50%
decrease in the growth rates of . antarctica and C. socialis
(0.336 0.02 and 0.306 0.13 d1, respectively), while the
growth rate of B. bathyomphala decreased to 0.166
0.03 oL

Photosynthetic efficiency-JV radiation strongly and
negatively affected the optimal quantum yield of PSII E,/
Fm), but the recovery potential was high. Interspecific
differences in sensitivity were detected. The,/F,, value of
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and 3, respectively. In all cases, however, UV irradiation
caused reductions (RM-ANOVA, treatment: p < 0.05

for T. antarctica, and p < 0.001 for C. socialis and

B. bathyomphala. The incomplete recovery of the UV-
exposed cultures ofC. socialisand B. bathyomphalagpointed

to photodamage that could not be fully repaired in the dark
and during the UV-free period in the light. The treatment
effect after recovery in T. antarctica was small, but
significant (RM-ANOVA, p = 0.044) and constant over
time. In other words, the recovery potential of the
photosynthetic efficiency of T. antarctica seemed to be
higher than that of C. socialisand B. bathyomphala

Stoichiometry—The effect of UV radiation on the C, N,
and P contents of the algal cultures was determined by
comparing the contents at the beginning and end of the
experiment. The concentrations of C, N, and P increased
in the control cultures of all three species, despite
a daily dilution rate of 0.25. UV exposure reduced this
increase, but pronounced interspecific differences occurred
(Table 1). It is important to note that the UV-induced
decreases were not equal for the three elements, as reflected
in changes of their molar ratios. The C and N concentra-
tions in cultures of T. antarctica and C. socialisexposed to
UV radiation decreased 506 compared to the controls,
whereas the P concentrations did not differ from the
controls after 3 days (-test, p = 0.46, and p = 0.28,
respectively; Table 1). In all species, exposed or not
exposed to UV radiation, the C:N ratios were fairly
constant (ratio of 5-6; Fig. 4), indicating that the uptake of
C and N is tightly linked. In contrast, the relative P
concentrations were more variable and strongly increased
as a response to UV radiation. This resulted in significantly
lower C:P ratios in cultures exposed to UV (Table 1;
Fig. 4). In T. antarctica and B. bathyomphala cultures
exposed to UV, the C: P ratios on day 3 were only 5% of
those measured prior to the start of the experiment and in
the control on day 3 (Fig. 4). In contrast, the C: P ratios of
cultures of C. socialisexposed to UV did not change over
the course of the experiment, yet the C:P ratio of the
control doubled by the end of the experiment. The relative
effect for all three species was the same, i.e., a %0
reduction of the C:P ratio caused by UV radiation
compared to the control. The same pattern was seen with
the N:P ratios (Fig. 4). The treatment effects were
statistically significant in all species geeTable 1). Despite

the control samples of all three species was between 0.4 and reduced variability, some statistically significant changes

0.5 and did not show a clear trend over time (Fig. 3).

were also found in the C:N ratios in C. socialisand B.

Photosynthetic efficiency measured in the cultures exposed bathyomphalain both cases, UV radiation raised the C: N

to UV radiation in the middle of the daily irradiation
period decreased by 76-9% (all species: RM-ANOVA,
treatment: p < 0.001), andT. antarctica was least affected.
The algal cultures recovered considerably from the
exposure to UV, as indicated by the yield measurements
taken on the following morning before the start of the next
exposure.T. antarctica exhibited F,/F, values correspond-
ing to 90% of the control, C. socialis had values
corresponding to 886 and 68% of the control on days 2
and 3, respectively, andB. bathyomphala had values
corresponding to 7% and 63% of the control on days 2

ratios relative to the controls.

Fatty acid composition—Fhe fatty acid profiles of the
three diatom cultures displayed interspecific differences,
but in general reacted similarly to UV radiation (Table 2).
PUFAs did not decrease in any of the species exposed
to UV radiation (RM-ANOVA, treatment: p = 0.2,
T. antarctica; p = 0.3, C. socialis Table 3). In B.
bathyomphala the PUFA content was even higher when
exposed to UV radiation, but the difference between
exposed and unexposed cultures decreased toward the
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Fatty acid composition (in % of total fatty acids; shown are mean§ SD of three replicates) of Thalassiosira antarctica
Bacterosira bathyomphalaand Chaetoceras socialis=atty acids accounting for <1% in all samples are not shown.

t=20 Day 1 Day 2 Day 3
PAR uv PAR uv PAR uv PAR uv
Thalassiosira antarctica
14:0 10.5 0.1 11.50.4 12.6 0.2 10.% 0.6 12.66 0.4 9.% 0.3 11.6 0.3 9.5 0.3
16:0 pristanic 3.%0.1 3.860.1 2.%0.1 2.%50.1 2.60.3 2.60.1 1.6 0.1 2.3%0.3
16:0 20.6 0.8 23.6 0.4 24.% 2.5 21.% 1.2 22.%2.0 21.%6 1.1 16.% 0.6 16.6 0.4
16:1(n-7) 13.3 0.2 14.% 0.6 18.8% 0.8 12.% 0.5 21.6 0.8 15.% 0.9 20.% 0.1 15.% 0.4
16:1(n-5) 5.50.4 4% 1.6 2.6 05 4.261.0 1.4 0.1 1.60.1 0.4 0.0 1.50.1
16:2(n-7) 2.50.1 2.6 0.3 1.%50.1 2.3%0.2 1.6 0.1 1.6 0.1 1.50.1 2.6 0.1
16:3(n-4) 1.%0.0 1.50.1 1.60.1 1.160.1 0.% 0.2 1.6 0.2 2.6 0.0 1.350.1
16:4(n -1) 10.6 0.5 7.4 0.7 5.6 0.7 8./ 2.1 6.4 0.9 8.161.7 11.4 0.8 12.% 1.0
17:0 phytanic 0.6 0.0 0.3 0.6 0.8 0.0 1.6 0.1 0.% 0.3 1.160.2 0.66 0.0 1.6 0.1
17:0 4.3%0.1 5.66 0.3 3.%60.1 4.6 0.3 3.50.2 3.%0.1 2.%0.0 3.6 0.1
18:0 4.6 0.2 4.8 0.8 3.604 4%0.1 21604 4.% 2.6 1.60.1 1.850.1
18:1(n-9) 0. 0.0 0.66 0.0 0.6 0.0 0.3 05 0.6 0.6 1.%0.3 0.3% 0.0 0.%0.1
18:4(n-3) 2.%0.1 1.6 0.2 3.30.2 1.850.2 4.6 0.4 25604 4.8 0.2 3.160.1
20:0 1.4 0.0 1.%0.2 1.160.1 1.50.1 0.6 0.1 1.6 0.1 0.4 0.0 0.8 0.1
22:0 1.6 0.0 0.8 0.7 1.50.3 1.60.4 0.% 0.3 1.160.2 0.%0.1 0.6 0.2
20:5(n-3) 15.6 0.6 13.% 1.7 13.% 2.9 14.% 2.9 16.5 2.0 16.% 2.7 19.35 0.2 21.615
22:6(n-3) 1.5 0.1 1.%50.3 2.60.1 2.%0.7 2.3%0.6 2.%50.2 2.%0.2 3.160.2
PUFA 3496 1.3 28.5 2.8 27.6 4.3 33.6 2.9 31.% 3.2 33.5 4.8 42.86 0.7 46.%6 1.6
MUFA 19.160.4 20.46 1.7 225614 18.%1.2 23.% 0.6 19.% 0.8 2246 0.2 18.6 0.6
SFA 42.66 0.9 48.% 3.5 46.8 3.2 44.6 2.0 41.% 2.5 43.6 4.2 32.46 0.6 32.6 0.7
Chaetoceros socialis
14:0 15.% 0.1 13.% 0.1 14.8%5 0.9 116 1.1 11.% 1.1 11.604 12.66 0.9 11.6 3.0
16:0 pristanic 2.%0.6 3.160.3 2.6 0.6 2.60.3 1.%50.1 2.160.1 1.%50.2 2.60.4
16:0 12.% 1.4 13.6 0.4 14515 15.%6 2.3 18.% 1.7 21.6 1.9 12.86 2.0 11.61.4
16:1(n-7) 14.% 1.6 14.6 0.9 17.6 0.7 13.51.1 19.6 1.3 14.% 0.7 20.6 1.3 18.% 1.7
16:1(n-5) 3.61.8 2.6 0.6 1.%1.0 1.60.1 1.6 0.2 2.6 1.0 0.60.3 25609
16:2(n-7) 2.60.1 2.60.1 25601 246 0.2 2.6 0.1 1.% 0.0 2.560.2 2.50.1
16:3(n-4) 1.6 0.1 1.60.1 1.50.1 1.160.1 1.160.0 0.% 0.0 1.50.1 1.6 0.0
16:4(n-1) 15.5 0.3 14.6 0.6 13.6 1.0 14.5 1.0 10.% 0.1 10.6 0.3 12.4 0.9 12.5 0.3
17:0 phytanic 2.460.0 2.3 0.0 2.60.1 2.60.2 1.3%0.1 1.6 0.1 1.50.2 1.6 0.3
17:0 3.% 0.6 3.%0.2 3.6 0.1 3.60.2 3.50.1 3.3%0.2 3.50.2 3.66 0.3
18:0 2.860.1 3.660.1 2.%0.6 3.8 0.9 3.660.5 3.%04 1.604 2.50.1
18:1(n-9) 0.%50.1 0.3 0.3 0.660.2 0.6 0.2 0.%0.2 0.% 0.0 0.6 0.3 0.6 0.2
18:4(n -3) 0.50.3 0.3 0.3 1.460.2 0.6 0.1 0.% 0.0 0.3 0.0 1.660.2 0.%0.1
20:5(n-3) 18.61.4 20.% 1.7 18.46 3.4 23.%2.0 20.46 3.9 20.5 3.4 24.% 2.4 25.%1.6
PUFA 39.96 4.2 40.6 1.5 37.5 3.6 42.66 1.8 36.06 3.5 35.5 3.6 42.%5 2.2 43.%6 0.8
MUFA 19.46 3.0 18.%1.2 21.%0.9 16.%1.1 22.6 1.3 186 1.4 23.6 1.1 23.66 2.2
SFA 35.56 0.7 35.% 0.4 36.8% 2.4 36.% 2.4 38.% 2.5 42.56 2.5 31.% 2.4 29.% 2.7
Bacterosira bathyomphala
14:0 4.6 0.4 4.5 0.1 4.% 0.0 4%0.1 5.16 0.2 4.5 0.1 5.3 0.1 4.6 0.2
16:0 pristanic 3.60.3 2.460.2 1.%50.1 2604 1.6 0.5 1.%50.1 1.%0.1 1.5%50.1
16:0 16.% 1.9 21.% 3.3 18.5 0.1 19.62.3 18.6 0.8 20.66 1.8 13.6 0.3 14.% 0.3
16:1(n-7) 12.3 0.9 10.% 0.6 19.5 0.6 10.%5 0.7 25.% 0.6 18.% 0.7 27.%6 0.5 23.50.9
16:1(n-5) 2.51.3 1.6 0.5 1.4 0.5 1.350.1 0.%50.4 1.3%0.1 0.4 0.1 1.6 0.2
16:2(n-7) 4.% 0.5 4.4 0.3 4.6 0.1 5.6 0.0 3.%60.1 3.4 0.0 4% 0.1 3.6 0.0
16:3(n-4) 2.860.1 2.6 0.2 1.60.1 1.5 0.5 1.6 0.0 0.6 0.5 1.50.0 0.80.1
16:4(n-1) 15.6 0.5 15.60.8 14.66 0.0 16.850.4 12.6 0.3 14.% 0.3 15.% 0.3 15.4 0.2
17:0 3.60.3 2.%0.1 2.%0.1 2.%50.1 2.3%0.1 2.%0.1 2.%0.0 2.%0.0
18:0 3.6 0.8 3.6 0.3 2.460.2 3.560.2 1.%60.2 34604 0.6 0.1 1.6 0.3
18:1(n-9) 1.50.3 1.6 0.1 0.6 0.0 0.6 0.0 0.4 0.0 1.160.1 0.3 0.0 0.6 0.1
18:4(n-3) 3.60.8 3.6 0.3 4.% 0.2 3.6 0.1 3.%0.1 3.16 0.0 4.6 0.2 3.%0.0
18:5(n-3) 0.% 0.0 0.80.1 0.6 0.0 1.60.1 0.6 0.4 1.160.3 0.%0.1 0.%0.1
20:0 1.6 0.1 1.%0.1 1.6 0.0 1.50.1 0.6 0.1 1.50.1 0.% 0.0 0.%0.1
22:0 0.6 0.7 1.160.2 0.6 0.0 0.%0.1 0.5 0.3 0.4 0.6 0.60.1 0.560.3
20:5(n-3) 20315 18.8% 1.2 18.4 0.2 20.6 0.4 17.% 0.6 16.% 0.3 17.% 0.2 19.50.2
22:6(n-3) 1.6 0.1 1.6 0.1 1.%50.2 2.60.2 21604 1.6 0.2 2.250.2 2.6 0.1

PUFA 49.56 3.9 47.6 3.2 46.6 0.2 50.8% 1.6 41.% 0.8 43.% 1.3 45.% 0.3 46.% 0.7
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Table 2. (Continued).
t=0 Day 1 Day 2 Day 3
PAR uv PAR uv PAR uv PAR uv
MUFA 16.86 1.3 14.6 0.5 22.60.3 13.6 0.6 27.46 0.1 21.6%6 0.6 28.%6 0.4 25.6 0.9
SFA 30.46 3.5 35.46 3.8 29.3 0.2 33.6 25 28.16 0.9 33517 23.3504 25.3% 0.8

UV effects on photosynthetic efficiency and growthFae
exposure of the phytoplankton to UV radiation also
affected the optimal quantum vyield. The 906 reduction
indicated a severe photoinhibition of photosynthesis during
the 8 h of daily exposure, which led to decreased biomass
accumulation. Despite this pronounced effect during
exposure, all species showed a substantial recovery during
the period between the cycles of UV irradiation. The extent
of the recovery in C. socialisand B. bathyomphalawas,
however, lower than in T. antarctica, and seemed to
decrease over time, pointing toward chronic photoinhibi-
tion or photodamage (cf. Hanelt 1996). Again, interspecific
differences were foundB. bathyomphalavas most sensitive
to UV, followed by C. socialis T. antarctica showed
a higher recovery potential and no indication for photo-

damage of the photosynthetic apparatus until day 3.
During the periods between the cycles of UV irradiation,
the cultures experienced both PAR only (5 h after the end
of UV irradiation, and 3 h prior to the start of UV
irradiation) and darkness (8 h in between two exposures to
PAR only). Judging from the C concentrations in the three
cultures at the beginning and at the end of the experiment,
the growth rates of T. antarctica and C. socialisduring the
PAR-only periods were sufficient to balance the daily
dilution of 0.25, whereas biomass ofB. bathyomphala
slightly decreased over the course of the experiment.
Despite the strong reduction in biomass accumulation
and growth rate caused by UV irradiation, the algal
cultures were still metabolically active, as could be seen
from the postirradiation recovery of optimal quantum yield

Results of RM-ANOVA on fatty acid composition of Thalassiosira antarcticaBacterosira bathyomphalaand Chaetoceros
socialis For those fatty acids that were significantly affected by UV radiation, t is indicated in which of the treatments higher values

were found.
Treatment (df=1) Time (df=2) Treatment3 time (df=)
F p F p F P
Thalassiosira antarctica
16:0 14.8 0.291 70.3 0.000* 3.3 0.092
16:1(n-7) 258.9 0.000* U\KPAR 31.5 0.000* 0.9 0.459
18:0 8.1 0.047* UV>PAR 10.4 0.000* 1.7 0.25
16:4(n-1) 7.0 0.057 32.2 0.000* 1.4 0.298
18:4(n-3) 166.2 0.000* U\KPAR 48.7 0.000* 1.1 0.384
20:5(n-3) 0.6 0.487 20.8 0.001* 0.5 0.638
22:6(n-3) 1.9 0.241 7.6 0.014* 0.7 0.531
PUFA 2.9 0.164 45.8 0.000* 0.9 0.464
MUFA 73.7 0.001* UV <PAR 5.0 0.039* 0.2 0.804
SFA 0.0 0.989 62.2 0.000* 1.6 0.264
Chaetoceros socialis
16:0 2.3 0.205 25.7 0.000* 2.1 0.19
16:1(n-7) 18.3 0.012* UK PAR 60.1 0.000* 7.2 0.016*
18:0 22.9 0.009* U\>PAR 10.0 0.007* 0.2 0.792
16:4(n-1) 0.6 0.489 36.2 0.000* 2.1 0.188
20:5(n-3) 0.7 0.441 9.8 0.007* 2.7 0.128
PUFA 1.7 0.268 11.2 0.005* 1.6 0.265
MUFA 7.4 0.053 63.1 0.000* 25.2 0.000*
SFA 0.4 0.535 20.8 0.001* 2.1 0.187
Bacterosira bathyomphala
16:0 4.5 0.103 38.2 0.000* 0.9 0.463
16:1(n-7) 592.4 0.000* U\KPAR 330.4 0.000* 14.2 0.002*
18:0 107.7 0.000* UV>-PAR 79.5 0.000* 6.3 0.023*
16:4(n-1) 141.6 0.000* UV-PAR 183.2 0.000* 43.6 0.000*
18:4(n-3) 485.3 0.000* U\KPAR 68.7 0.000* 4.7 0.044*
20:5(n-3) 32.2 0.005* UV>-PAR 53.3 0.000* 23.3 0.000*
22:6(n-3) 0.0 0.894 2.3 0.163 3.5 0.083
PUFA 10.7 0.031* UV>PAR 157.3 0.000* 13.2 0.003*
MUFA 1358.0 0.000* UV <PAR 350.0 0.000* 10.9 0.000*
SFA 22.5 0.009* UV>PAR 58.2 0.000* 1.6 0.269

* Statistically significant (p<<0.05).
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Fig. 5. Temporal development of the 16:1(n-7)/16:0 ratio forThalassiosira antarctica
Bacterosira bathyomphalaand Chaetoceros socialisShown are means$s SD (n = 3).

and the development of the particulate C concentrations.
Chl a concentrations indicated much lower growth rates,
especially in cultures exposed to UV radiation. However,
Chl a concentrations cannot be considered as a robust
measure of biomass, in particular in experiments in which
cultures are irradiated differently.

While our results confirmed a negative quantitative
effect on photosynthetic efficiency and biomass accumula-
tion, we were unable to demonstrate any negative effect of
UV radiation on the nutritional quality of diatoms in terms
of fatty acid or elemental composition. From a stoichio-
metric perspective, the UV effect could in fact be seen as
a positive impact on nutritional quality owing to a re-
duction of the C:P ratios (cf. Sterner and Elser 2002).
However, this gain in food quality is likely to be offset by
a substantial decrease in food quantity because of the
inhibition of carbon fixation.

We conclude that changes in fatty acid composition
and molar C:N:P ratios might contribute to a better
understanding of the mechanisms of UV stress on the
general physiology of phytoplankton, but the nature of
these changes does not decrease the nutritional quality
per se. Given the strong negative effect of UV on
photosynthesis and biomass, the absence of an effect on
PUFAs is remarkable, and it clearly suggests that PUFAs
are not the weak link in the food web in correlation with
UV damage.
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