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ABSTRACT: Seasonal ozone depletion over Antarctica leads to enhanced UVB (280 to 320 nm) radia- 
tion throughout the period of greatest biological production. The effect of UV radiation on bacterio- 
plankton has received little attention, and its effects on marine microheterotrophs and viruses, which 
mediate bacterial biomass, are poorly understood. This study examined the impact of ambient solar W 
radiation on bacterioplankton in natural Antarctic microbial communities. Following a lag of 2 d, bac- 
terial concentrations increased all light treatments. Inhibition of bacterial growth increased with 
increasing UV irradiance and duration of exposure, reaching 27 % inhibition in hlgh UV treatments 
(c2.0 m equivalent depth) compared to controls after 7 d exposure. Bacterioplankton growth rates 
declined in all treatments during post-UV incubation, particularly at lower UV irradiances (23.0 m 
equivalent depth), indicating UV-induced inhibition of bacterial mortality during irradiation. Positive 
bacterial growth coincided with both phytoplankton mortality and increased microheterotroph con- 
centrations following exposure to high UV irradiances. Exposure of Antarctic microbial communities to 
ambient UV is likely to increase microbial respiration of carbon in surface waters and reduce vertical 
carbon flux. 
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INTRODUCTION 

UVB irradiance is enhanced throughout the period 
of greatest biological production in Antarctic waters. 
Stratospheric ozone concentration during spring com- 
monly falls below 50 % and may decline below 30 % of 
pre-ozone-hole values (Weiler & Penhale 1994). As a 
result, Antarctic UVB irradiances during spring are at 
least as high as at the summer solstice (Frederick & 

Snell 1988). Ozone depletion persists until February 
(Jones & Shanklin 1995), leading to a 50 to 100% 
increase in UVB around the summer solstice (Freder- 
ick & Lubin 1994). Concern regarding the effect of 
UVB on the Antarctic biota has led to an extensive 
literature on the photobiology of Antarctic organisms. 
Most of this literature has focused on the impact of 
UVB on phytoplankton (e.g. Davidson 1998). 

Any UVB-induced impacts on bacteria may have 
profound effects on carbon and energy flow at an eco- 
system level. Bacteria are pivotal components of the 
marine microbial food web. They play a vital role in 
nutrient and element cycling and are the principal 
route of carbon flow in aquatic ecosystems. They con- 
tribute up to 40% of the planktonic carbon (Cho & 
Azam 1990), process up to 80 % of the primary produc- 
tion (Azam et al. 1983, Cho & Azam 1990, Ducklow & 
Carlson 1992), and have nutrient uptake potentials 
around 100 times faster than that of phytoplankton 
(Blackburn et al. 1998). Bacterioplankton also consume 
dissolved organic matter (DOM) to form bacterial 
biomass, thereby repackaging carbon and making it 
available to higher trophic levels (e.g. Pomeroy & 
Weibe 1998). 

Little information is available regarding the impact 
of UVB radiation on marine bacterioplankton but stud- 
ies of the direct effects of UVB radiation on bacterio- 
plankton show responses ranging from strongly in- 
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hibitory to promoting bacterial growth. Reduced sur- 
vival, production, ectoenzyme activity, DNA and pro- 
tein synthesis of bacterioplankton and the absence 
photoinduced tolerance mechanisms have been re- 
ported (Herndl et al. 1993, Miiller-Niklas et al. 1995, 
Aas et al. 1996, Jeffrey et al. 1996). However, the effect 
of UVB on bacterioplankton is mediated by the rate 
and depth of vertical mixing of the water column, rapid 
DNA repair mechanisms, enhanced recovery in nutri- 
ent replete conditions, and changes in bacterial com- 
munity composition that favour UVB-tolerant species 
(Helbling et al. 1995, Miiller-Niklas et al. 1995, Aas et 
al. 1996, Kaiser & Herndl 1997). Herndl et al. (1993, 
1997) and Kaiser PL Herndl (1997) proposed that bac- 
terioplankton activity would be enhanced in waters 
exposed io W E .  -is eiihaiiceiiien: was duc tc rapid 
repair of UV damage exhibited by bacterioplankton, 
together with UVB-induced photodegradation of DOM 
to smaller molecules that are efficiently taken up by 
bacteria. 

The role of UV-induced changes in the microbial 
community and their effect on bacterial mortality in 
Antarctic waters are unknown. W B  damages phyto- 
plankton, bactivores and viruses (Suttle & Chen 1992, 
Murray & Jackson 1993, Sommaruga et al. 1996, 1999, 
Davidson 1998). Thus, indirect effects of UVB on 
nutritional status, grazing and mortality of bacterio- 
plankton are likely. Here we examine the effect of 
ambient solar radiation on bacterioplankton concen- 
tration in natural microbial communities from Ant- 
arctic coastal waters. 

MATERIALS AND METHODS 

Studies were conducted at Davis Station (68" 35' S, 
77" 58' E) ,  East Antarctica. Natural plankton assem- 
blages were obtained at OrGorman Rocks, approxi- 
mately 2 km offshore on 7 January 1998. Seawater was 
pumped from 10 m depth into sterile carboys. The 
water was returned to the laboratory under subdued 
light and filtered through 200 pm mesh into a sterile, 
acid-cleaned, polythene-lined 200 1 stainless steel 
drum (Fig. 1). Following gentle mixing, approximately 
350 ml aliquots of natural plankton assemblage were 
transferred to 132 sterile UV transmissive 500 m1 Nasco 
WhirlPak natural polythene bags. 

Sample exposure. Exposure of the plankton in Whirl- 
Pak bags occurred in open-topped tanks through 
which natural seawater was pumped at approximately 
3 m3 h-'. Seawater temperature in the tanks was <*l°C 
of ambient seawater and no significant difference was 
observed in temperature between the 2 incubation 
tanks (<*O.l°C). The plankton samples were held 
30 cm beneath the water surface. 

200prn Filtered 

Mixed 
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UV Filtered 

Irradiated 

Counted 

Water Natural Plankon Assemblage 
Pumped from 10 m Depth 

ND 3.3 5.5 9.0 PC Placed Beneath UV- 
(mm lhlck B ~ ~ ~ .  COnIr01 Attenuating Screens 
s~llcate glass) 

Exposed to Natural 
Antarctic Solar Radiation 1 1 1 I 1 for8hrs ,1 ,2 ,4&8Days 

Bacterial Cells 
Transterred Beneatn 

Post-lJV incubated 1 1 1 1 1 Polycarbonate for post-UV 
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UV incubation = 10 Days) 

Counted Bacterial and Protistan Cells 

Fig. 1. Flow diagram of experimental protocol. ND = neutral 
density, PC = polycarbonate 

Thirty bags were placed beneath either a polythene 
neutral density (ND) screen, or 3.3, 5.5 or 9.0 mm 
thickness borosilicate glass (Fig. 1, see Fig. 2 for screen 
transmittance). Equivalent water-column depths re- 
ceived by the plankton assemblages in each light 
treatment were calculated using Beer's Law (Kirk 
1983) and the attenuation of surface irradiation by 
each screen (Table 1). A further 12 bags were held 
beneath polycarbonate sheeting, which removed UV 
wavelengths <375 nm. These comprised the control 
treatments and approximated a UV climate 220 m 
depth (Fig. 2, Table 1). 

Sampling. At the end of each irradiance period (0, 
8 h, 1, 2, 4 and 7 d),  3 replicate WhirlPak bags were 
thoroughly mixed and aliquots of 50 * 5 m1 from each 
bag poured into a sterile polycarbonate jar. The Whirl- 
Pak bags were then resealed and, together with a fur- 
ther 3 replicate bags from each light treatment, trans- 
ferred to the control irradiance treatment and allowed 
to grow in the absence of short wavelength UV (post- 
UV incubation). The total duration of UV irradiation 
plus post-UV incubation was 10 d for all bags. The 6 
replicate WhirlPak bags for each light treatment and 
each irradiance time were randomly paired and the 
pairs pooled. Approximately 50 * 5 m1 was again trans- 
ferred to sterile polycarbonate jars and transferred to 
the laboratory for microscopic determination of total 
bacterial concentration (as below). A known volume 
(approximately half) of the remaining sample was 
fixed with Lugol's iodine for determination of the con- 
centration of protists (see below) (Fig. 1).  
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Table 1 UV-attenuating screen, attenuation of surface ery- 
themal UV, and equivalent water-column depth experienced 
by plankton in each experimental light treatment calculated 
using Beer's Law (I/lo = e-kz). I. and I are the erythemal irra- 
diance at the surface and z meters depth respectively, and k 
for erythemal UV was 0.4 (mean of 4 ice-edge sites of low 

seawater turbidity) 

Screen Attenuation Equivalent 
(I/lo) depth (m) 

Neutral density 0.632 1 
3 3 mm glass 0.432 2 
5.5 mm glass 0.310 3 
9.0 mm glass 0.234 3.6 
Polycarbonate 0 20 

Light measurement. Light measurements were made 
using an SR9910 Macam double grating spectrora- 
diometer calibrated to the manufacturer's standard- 
ised deuterium and tungsten halogen light sources 
that are routinely calibrated by the National Physics 
Laboratory. Wavelengths between 280 and 400 nm 
were scanned at 1 nm steps every 5 min during the 
in vivo exposure of protist assemblages to solar ra- 
diation. Percent transmission of the UV-attenuating 
screens and WhirlPak bags was measured using a 
GBC 916 UVNIS spectrophotometer (Fig. 2). Down- 
welling irradiance at each nanometer wavelength was 

l 
l - - - - - - -  3.0 m 
I - - - -  
I 

3.6 m 

l control (L20 m) 
I 
I 
I 
I 

300 350 400 

Wavelength (nrn) 

Fig. 2. Transmittance of UV beneath WhirlPak bags plus UV- 
attenuating screens. ND = neutral density and Control = poly- 
carbonate screened treatment receiving no UV below 375 nm 
wavelength; 1.0, 2.0, 3.0, 3.6 and 220 m refer to the equivalent 

water-column depth of each light treatment 

then multiplied by the percent transmission of the 
WhirlPak bags and screens at each nanometer. The 
erythemal action spectrum was used to biologically 
weight the spectral data. Erythema was used due to 
its similarity to plant and DNA action spectra over 
wavelengths detected using the spectroradiometer, 
ease of cross-calibration with biometer data, and 
the fact that the experiments examined interactive 
responses of an entire plankton community for which 
more specific physiological weighting functions were 
not applicable. Cun~ulative erythema1 dose was then 
calculated for each light treatment at each exposure 
time. Results were then integrated over 10 min in- 
tervals and a secondary intercomparison performed 
against coincident measurements of erythemal UV 
data collected using a 501B Solar Light UV-Biometer 
by the Australian Radiation Protection and Nuclear 
Safety Agency. 

Bacterioplankton. Total bacterioplankton concen- 
tration was obtained from samples stained with 4'6 
diamidino-2-phenolindole (DAPI) (Sigma). A known 
sample volume was filter-concentrated to approxi- 
mately 2 m1 in a 25 mm diameter filtration apparatus 
fitted with 0.2 pm pore size black polycarbonate mem- 
brane filters (Poretics). Sixty p1 of 500 pg ml-' solution 
of DAPI in Milli-Q water was added to the concen- 
trates. The samples were mixed, held in the dark for 
15 min, filtered to dryness, mounted on slides, and bac- 
teria counted over 10 replicate fields using UV epifluo- 
rescence on a Zeiss Axiovert at lOOOx magnification 
(Fig. l). 

Protists. Lugol's iodine-fixed samples (see 'Sam- 
pling') were sedimented, and observed using No- 
marski optics on a Zeiss Axiovert inverted microscope 
at 400x or 1000x magnification. Cell counts were per- 
formed over 5 randomly chosen fields for each of the 
3 replicate samples at each exposure time and light 
treatment (Fig. 1). Heterotrophic protists were identi- 
fied under transmitted light by the absence of chloro- 
phyll. 

Statistical analyses. Analysis of variance (ANOVA) 
was performed using the total bacterial concentration 
during irradiation at the end of each irradiance period 
under each light treatment. Growth rates of bacterio- 
plankton were calculated during UV incubation (0-2, 
2-7 d exposure), and during post-UV incubation period 
(2 or 7-10 d incubation respectively) (Fig. 1). Growth 
rates were also analysed by ANOVA (independent 
variables of exposure duration, light treatment and 
post-UV incubation treatment). 

Mean concentrations of autotrophs, heterotrophs 
and bacteria at each sample time and irradiance treat- 
ment were analysed by multiple linear regression. 
Statistical significance of the regressions were deter- 
mined from the correlation coefficient. 
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RESULTS 

The erythemal downwelling solar irradiance varied 
greatly during the experiment. Diurnal fluctuations ac- 
counted for most of the variation but cloud contributed 
significantly to attenuation of erythemal irradiance 
during Days 3, 4, 6, and 7 of the experiment (Fig. 3A). 
Days 1, 2 and 5 remained largely cloud-free. The in- 
crease in cumulative erythemal dose was approxi- 
mately linear with increasing exposure time (Fig. 3B). 

Bacterioplankton 

Total bacterial concentration, measured at the end of 
each exposure period, showed arl ir~iiicli iag (Fig. 4). 
Concentrations then increased for the remainder of the 
exposure to solar radiation. Between 2 and 7 d irradia- 
tion the bacterial concentration increased approxi- 
mately 5-fold, from around 0.2 to 1 X 106 cells ml-l. 
ANOVA showed a highly significant difference in bacte- 

Tme (Days) 

Fig. 3. Erythema1 UV irradiance during exposure of natural 
plankton assemblages to ambient Antarctic solar radiation. 
(A)  Downwelling and (B)  cumulative downwelllng erythemal 
irradiance received by plankton assemblages for each light 
treatment and exposure duration. Downwelling refers to the 
unattenuated downward erythemal UV flux; ND = neutral 
density; 1.0, 2.0, 3.0, and 3.6 m refer to the equivalent water- 

column depth of each Light treatment 
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Fig. 4.  Total bacterioplankton concentrations at the end of 
each irradiance period (no post-UV incubation). ND = neutral 
density and Control = polycarbonate screened treatment re- 
ceiving no UV below 375 nm wavelength; l .O, 2.0, 3.0, 3.6 and 
220 m refer to the equivalent water-column depth of each 
UV-attenuated light treatment. Error bars indicate +l  SE 

--c ND ( l  m) 

.... c-.. 2.0 m 

- - m - .  3.0m 

rial concentration with time (F = 66.11, p = 0.000, df = l ) ,  
reflecting extensive growth. Neither light treatment 
nor exposure duration alone caused sigmficant changes 
in bacterial growth rate (F = 1.09, p = 0.36, df = 4 and 
F = 0.27, p = 0.60, df = 1, respectively) but the interac- 
tion of the two was highly significant ( F  = 6.43, 
p = 0.000, df = 4). During 7 d exposure, plankton sam- 
ples that were exposed at 1.0 and 2.0 m equivalent 
depth exhibited 26.1 and 27.5 % inhibition of bacterial 
growth respectively in comparison with control treat- 
ments (Fig. 4). Lower light treatments exhibited slight 
inhibition or promotion of bacterial growth. 

Bacterial concentrations and growth rates were mea- 
sured after exposure for 2 or 7 d * post-UV incubation 
beneath UV-opaque polycarbonate (exposure + post- 
UV incubation = 10 d) (Fig. 5A). Bacterioplankton con- 
centrations immediately after 2 d irradiation were 
lower than those incubated for 8 d in the absence of UV 
radiation, reflecting continued bacterial growth after 
irradiation. Growth rates during 2 d irradiation seldom 
differed from those during 8 d post-UV incubation. 
Bacterial growth rates in communities exposed to high 
light treatments (12.0 m) for 7 d were slower during 
irradiation but 1 0  during the 3 d of post-UV incubation 
(Fig. 5A) .  Those exposed to lower UV irradiances for 

- --.- 3 . 6 m  

. - - Control (220 m) 
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Fig. 5. (A) Concentrations and (B) growth rates of total bacte- 
rioplankton following 2 and 7 d UV exposure * post-UV incu- 
bation. ND = neutral density and Control = polycarbonate 
screened treatment receiving no UV below 375 nm wave- 
length; 1.0, 2.0, 3.0, 3.6 and 220 m refer to the equivalent 
water-column depth of each light treatment. Error bars 

indicate i l SE 

7 d (23.0 m equivalent depth) exhibited more rapid 
growth during irradiation but had negative growth 
during post-UV incubation (Fig. 5B).  ANOVA of 
showed changes in bacterioplankton growth rate were 
due to post-UV incubation and its interaction with 
exposure time ( F  = 110.57, p = 0.000, df = 1) and light 
treatment (F= 11.68, p = 0.000, df = 4) .  

Protists 

Exposure of natural assemblages to near-surface 
UVB radiation changed the abundance and species 
composition of the auto- and heterotrophic protist 
assemblages (Davidson & Belbin unpubl.). At low UV 
irradiances (3.0 and 3.6 m equivalent depth) total 

phytoplankton concentrations in post-UV incubated 
samples seldom differed from the control treatment 
(Fig. 6A). However, prolonged high irradiances (1.0 
and 2.0 m equivalent depth for 22 d)  reduced phyto- 
plankton to approxin~ately 60 % of their concentrations 
in the control treatment and significantly lower than 
their concentration at  the beginning of the experiment 
(Time 0). UV-induced mortality of the dominant dia- 
toms, namely Fragillariopsis curta (V.H.) Krieger and 
F. cylindrus (Grunow) Krieger, was principally respon- 
sible for the lower protist concentrations at high UV 
irradiances (Davidson & Belbin unpubl.). 

Prolonged exposure to high irradiances (1.0 and 
2.0 m equivalent depth for 22 d)  increased micro- 
heterotroph concentrations (Fig. 6B). After 2 d expo- 
sure, their concentrations were around 50 % higher 
than the control but decreased at longer exposure 
times. At 3.0 and 3.6 m, equivalent depth concentra- 
tions decreased with increasing exposure time during 
the first 2 d of exposure, after which time they did not 

0.00 
a 

0 1 2 3 4 5 6 7 

Exposure Time (Days) 

Fig. 6. Concentration of (A) autotrophs and (B) heterotrophs 
following 8 h, 1, 2, 4 and 7 d irradiation + post-UV incubation 
(irradiation + post-UV incubation = 10 d). ND = neutral den- 
sity and Control = polycarbonate screened treatment receiv- 
ing no UV below 375 nm wavelength; Time 0 = the concentra- 
tion of cells at the beginning of the experiment; 1.0, 2.0, 3.0, 
3.6 and 220 m refer to the equivalent water-column depth of 

each Light treatment. Error bars indicate *l SE 
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change significantly. Concentrations of microhetero- 
trophs at low UV irradiances for 22 d were around 30 
to 50% of that at high UV irradiances and were always 
significantly less than the control. 

Concentration of autotrophic protists negatively cor- 
related with microheterotroph concentration (r = 0.628, 
0.05 c p < 0.01, df = 18). Bacterial concentration (*post- 
W incubation) did not significantly correlate with either 
the concentration of phytoplankton or protozoans. 

DISCUSSION 

Bacterioplankton 

7 . r -  v v e  observed a :ag of 5 2  d iii bac:eiiop!&-&ton grcv..th 
during irradiation. This lag has been attributed to inhi- 
bition of protein synthesis, primarily as a result of UVA 
wavelengths (Sieracki & Sieburth 1986). Bacterio- 
plankton growth after this lag showed significant inhi- 
bition (around 27%) in high W treatments (52.0 m 
equivalent depth) and either slight inhibition or pro- 
motion of bacterioplankton growth in lower UV irradi- 
ance treatments. Helbling et al. (1995) reported greater 
UV-induced inhibition of Antarctic bacterioplankton. 
They showed that the viability of Antarctic bacterio- 
plankton exposed to full solar radiation at 0.5 m depth 
for 12 h fell to 13% of unirradiated bacterioplankton, 
with around l ? ,  67 and 16% of this mortality due to 
visible, UVA and UVB wavelengths respectively. Sig- 
nificant differences exist between our study and that of 
Helbling et al. (1995). The UV-induced loss of viability 
they reported may have been temporary and was 
repaired over the longer time scales of this study. In 
addition, Helbling et al. (1995) determined the bac- 
terial viability immediately after irradiation while our 
study determined the total concentration of bacteria 
over longer exposures. 

Bacteria show rapid recovery from UV-induced DNA 
damage by photoreactivation and excision repair 
(Herndl et al. 1993, Helbling et al. 1995, Miiller-Niklas 
et al. 1995, Kaiser & Herndl 1997). Our study included 
no artificial relief from UV exposure during irradiation. 
Instead, bacterioplankton experienced natural changes 
in solar radiation with the diurnal cycle and variations 
in cloud cover. We found that bacteria were able to 
repair UV-induced damage while residing in near- 
surface waters. 

We also found that bacterioplankton growth during 
irradiation differed significantly from that during post- 
UV incubation. Post-UV-incubated bacterial growth 
declined following 7 d exposure, suggesting that sec- 
ondary, community-level impacts of W enhanced 
bacterial survival and growth during irradiation. These 
interactions are discussed below. 

The susceptibility of bacterioplankton to UVB is 
mediated by their nutritional status. Nutrient-replete 
conditions reportedly cause faster UV-induced inhibi- 
tion and recovery of bacteria than nutrient-depleted 
conditions, and the presence of primary producers may 
reduce the detrimental effects of UVB on bacterio- 
plankton (Aas et al. 1996, Kaiser & Herndl 1997, Som- 
maruga et al. 1997). Growth of bacterioplankton is 
strongly dependent on the concentration of DOM 
(Kahler et al. 1997) and is enhanced by senescence and 
mortality of protists (e.g. Blackburn et al. 1998, krch-  
man 1999). Phytoplankton growth, production and sur- 
vival are reduced by W radiation (e.g. Davidson 
1998). We found that phytoplankton concentration sel- 
dom differed significantly between irradiated and con- 
trc! fight !reatments at ! ~ w  U?1 irradiancns. However: 
significant phytoplankton mortality was observed at 
the highest irradiances (12.0 m equivalent depth). 
Lethal UVB doses have been reported to 10 m depth in 
Antarctic waters (Karentz 1989, Karentz & Lutze 1990). 
UV-induced mortality of phytoplankton would, thus, 
be expected to enhance bacterioplankton growth and 
mediate the effect of UVB on bacteria at high UV irra- 
diance~. Furthermore, UVB radiation reportedly photo- 
degrades DOM to smaller molecules that are more 
available to bacteria (Herndl et al. 1993, 1997, Lindel 
et al. 1995, Kaiser & Herndl 1997). This dual action of 
UVB radiation is likely to promote bacterioplankton 
activity at high irradiances. However, other authors 
have found that UVB did not photodegrade refactory 
DOM or that photoalteration of bioavailable DOM in- 
hibits bacterial growth (Thomas & Lara 1995, Naga- 
numa et al. 1996). 

UVB can impair cellular activities and cause mor- 
tality of protozoans (e.g. Hader & Hader 1991, Som- 
maruga et al. 1996). Sommaruga et al. (1999) showed 
that, in high altitude lakes, the concentration and graz- 
ing rates of bactivores was reduced by exposure to 
UVB wavelengths. However, protozoans differ greatly 
in the sensitivity to UV exposure (Giese 1953, Maller 
1962). Our results showed that prolonged exposure 
of planktonic communities to high UV irradiances in- 
creased microheterotroph concentrations. Due to the 
uncertainty of determining the trophic status of protists 
and the size and palatability of the particles they graze, 
we have presented our data as total microheterotroph 
concentration. Protists were classified as heterotrophic 
on the basis of taxonomic identity and the absence of 
chlorophyll. Mixotrophic taxa may have been omitted 
from estimates of total microheterotroph concentra- 
tion. Hall et al. (1993) showed that hetero- and mixo- 
trophic protists can contribute equally to grazing of 
marine bacterioplankton populations. Known mixo- 
trophic genera such as Chrysochromulina Lakey (see 
Estep & MacIntyre 1989 and references therein) were 
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a component of the protistan community in these ex- 
periments (Davidson unpubl.). Omissions of such mixo- 
trophs may have resulted in underestimation of the 
concentration of bactivorous protists. 

Trophic interactions 

We observed a marked decline in growth during 
post-UV incubation, particularly in low UV treatments 
(23.0 m). We also found that exposure to high UV irra- 
diance~ caused significant changes in key determi- 
nants of bacterioplankton activity, increasing the 
mortality of phytoplankton and the concentration of 
microheterotrophs. Previous studies of the effect of 
UVB on bacteria have examined their responses to 
isolation from other planktonic organisms and/or over 
short time scales (Herndl et al. 1993, Helbling et al. 
1995, Miiller-Niklas et al. 1995, Kaiser & Herndl 1997) 
and are unlikely to incorporate the effects of such 
changes in the microbial community. Bothwell et al. 
(1994) showed that UV-induced changes in community 
structure and function can profoundly alter the effect 
of UV exposure on a single trophic level. 

Bacterioplankton mortality is significantly determined 
by microheterotroph grazing, protozoans consuming 
around 3 to 12% of the bacterial biomass and 10 to 
36% of their production daily (e.g. Kottmeier & Sulh- 
van 1990, Leakey et al. 1996). We found exposure of 
natural plankton assemblages to high UV treatments 
significantly increased the concentration of microhet- 
erotrophs and the increase was negatively correlated 
with the concentration of autotrophs. The increase in 
microheterotrophs was principally due to increased 
concentrations of ciliates, heterotrophic nanoflagel- 
lates and choanoflagellate spp. (Davidson & Belbin 
unpubl.). These organisms consume bacteria and dis- 
solved organic carbon (DOC) to support growth (e.g. 
Sherr & Sherr 1994). High UVB irradiances may 
increase the availability of bacteria and DOC (see 
above). The absence of correlation between bacterial 
concentration and the concentrations of auto- and het- 
erotrophic protists, the mortality of autotrophs or the 
UV irradiance that we observed in this study may 
reflect such top-down control. Low or negative bacter- 
ial growth rates during post-UV incubation may be due 
to reduced UV-induced inhibition of bactivores and/or 
photodegradation of DOC. Increased concentrations of 
both microheterotroph and bacteria in high UV treat- 
ments during post-UV incubation suggests increased 
bacterial production, probably as a result of phyto- 
plankton mortality. Inactivation of viruses, changes in 
bacterial species composition and photoacclimation to 
high W irradiances may also have contributed to the 
low W-induced inhibition of bacterioplankton observed 

in this study (Arai et al. 1992, Suttle & Chen 1992, Mur- 
ray & Jackson 1993, Fuhrman & Noble 1995, Wilhelm 
et al. 1998, Sommaruga et al. 1999) 

Our results show that prolonged exposure of natural 
planktonic communities to high UV irradiances in- 
creased the concentration of components of the micro- 
bial loop. Further research is required to determine the 
magnitude and mechanism by which microbial activity 
is enhanced but these changes in trophodynamics 
appear to be primarily elicited by UV-induced mor- 
tality of phytoplankton. Thus, increased UVB irradi- 
ance over Antarctica as a result of ozone depletion is 
likely to increase the amount of fixed carbon that is 
respired by the microbial community in surface waters 
and decrease vertical flux of carbon to deep water. 
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