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ABSTRACT

UV irradiance has a broad range of effects on marine
planktonic organisms. Direct and indirect effects on individual
organisms have complex impacts on food-web structure and
dynamics, with implications for carbon and nutrient cycling.
Mesocosm experiments are well suited for the study of such
complex interrelationships. Mesocosms offer the possibility to
conduct well-controlled experiments with intact planktonic
communities in physical, chemical and light conditions
mimicking those of the natural environment. In allowing the
manipulation of UV intensities and light spectral composition,
the experimental mesocosm approach has proven to be
especially useful in assessing the impacts at the community
level. This review of mesocosm studies shows that, although
a UV increase even well above natural intensities often has
subtle effects on bulk biomass (carbon and chlorophyll), it can
significantly impact the food-web structure because of differ-
ent sensitivity to UV among planktonic organisms. Given the
complexity of UV impacts, as evidenced by results of mesocosm
studies, interactions between UV and changing environmental
conditions (e.g. eutrophication and climate change) are likely
to have significant effects on the function of marine ecosystems.

INTRODUCTION

The human-induced destruction of the stratospheric ozone layer and

the resulting increase of UV-B irradiance (280–320 nm) since the

late 1970s stimulated research on the effects of UV-B on biological

systems. UV-B can produce significant effects, including optical

and photochemical changes, at all levels of aquatic ecosystems (1–

3). Although UV-A irradiance (320–400 nm) is not affected by

stratospheric ozone destruction, it penetrates deeper in the water

column than UV-B and it is responsible for a large part of the

overall UV-associated photochemical and photobiological effects in

aquatic environments. Moreover, changes in the ratio between UV-

B, UV-A and photosynthetically available radiation (PAR; 400–700

nm) can affect photorepair and photoacclimation mechanisms (4,5).

Most of our understanding of the effects of UV on individual

organisms and physiological processes in the aquatic environment

has been obtained from laboratory experiments, in which a high

degree of control can be achieved but complex ecological

interactions are difficult to reproduce. Field studies have also

greatly contributed to the study of UV impacts although conditions

for hypothesis testing are not often encountered in coastal,

estuarine and pelagic systems. In these highly dynamic environ-

ments, multiple stressors are at play and complex ecological re-

lationships may blur the signal associated with the impact of UV.

Owing to the possibility of achieving a good balance among

control, realism and generality (6,7), mesocosms are well suited

for the study of the impact of UV on plankton communities.

Mesocosms, defined as large outdoor enclosures (volume, .1

m3), have proven to be useful tools in the study of structure and

function of the aquatic ecosystems and have provided insights into

the impact of environmental changes on freshwater and marine

ecosystems. Similar to all other experimental approaches, the

analysis of mesocosms has limitations, with scaling problems often

identified as the most important (Carpenter (8)). However, such

enclosures enable controlled, manipulative experiments for the study

of community-level processes that would be otherwise difficult

or impossible to investigate in the laboratory or in situ (9,10).

In this review a synthesis of the findings of mesocosms studies of

the impact of UV on marine planktonic organisms is presented. The
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analysis was restricted to studies of mesocosms with a volume .1 m3

so that comparable variations in the relationship between light

and depth and similar ecosystem trophic complexity could

be considered. On the basis of results of an exhaustive literature

search, a total of 10 experiments presented in 15 different articles

are synthesized (Table 1). First, emphasis is put on the different

experimental setups that have been developed. Second, a brief

overview of UV impacts on autotrophs, bacteria, heterotrophic

protists and zooplankton is presented. Third, observed impacts on

planktonic food web and community structure are synthesized.

Finally, we identify some gaps in the understanding of UV impacts

and suggest future research avenues.

SETUP CONSIDERATIONS

Manipulation of UV irradiance in mesocosm experiments

One of the most useful aspects of mesocosms in UV research is that

they enable manipulation of the light field by use of lamps and

selective screens. For instance, the use of Mylar film to block

incident UV-B has been widespread in field experiments involving

bottle incubations and was also part of the experimental setup of

numerous mesocosms studies (�UV treatment; Table 1). These

UV-exclusion experiments have shown that natural levels of UV

affect multiple trophic levels in the plankton. The natural levels of

UV also impact dissolved organic matter cycling through photo-

degradation and the UV-induced photobleaching of DOM

increases the water transparency to UV. Despite the useful insights

into photochemistry and photobiology gained from UV-exclusion

experiments, the impact of the increase in UV above natural levels

(as results from ozone depletion) is best studied by supplementing

natural sunlight with UV lamps (þUV treatments; Table 1). The

UV intensity and daily exposure can be adjusted by varying the

number of lamps, the distance between the lamps and the water

surface and the duration the lamps are on each day. Most

mesocosm studies have used a step function in which the UV

increase is a square-wave increase (the lamps are simply turned on

in the morning and turned off in the afternoon). However, a few

experiments have tried to achieve UV intensities proportional to

PAR (11,12). Although this latter approach is preferable to a

square-wave increase, it should be noted that assigning a constant

ratio between UV and PAR is also not a fully realistic approach,

because the ratio of UV to PAR varies greatly during the day under

natural conditions (the ratio of UV to PAR is higher at noon).

Computer-modulated systems that increase UV-B as a function of

ambient UV were developed and used successfully for small-scale

experiments (i.e. 40 L aquaria (13)) and mesocosm studies (14,15).

When selecting a lamp for UV increase care should be taken to

achieve a spectral quality that resembles that of natural sunlight.

Because ozone depletion only affects UV-B irradiance, UV-A

emission by the chosen lamps should be minimal. Most importantly,

the shorter UV wavelengths that do not occur in nature but are

emitted by the lamps (i.e. ,280 or 290 nm) must be removed by

Table 1. Mesocosm experiments considered in this review.*

Exp no. References
Mesocosm
volume (L)

Mesocosm
depth (m)

Mesocosms
walls

Experiment
duration
(days) Mixing

Trophic levels
studied Treatments

1 Keller et al. (11) 13000 5 Opaque (white) 70 Yes (paddles) Phyto
Zoo
Fish

Natural
þUV

2 Keller et al. (12) 13000 5 Opaque (white) 30 No (stratified) Phyto
lzoo
Zoo
Fish

Natural
þUV

3 Belzile et al. (19)
Mostajir et al. (27)
Mostajir et al. (32)
Chatila et al. (33)
Chatila et al. (48)
Fauchot et al. (26)
Mousseau et al. (49)

1500 2.25 Opaque (stainless
steel)

7 Yes (pump) Bact
Phyto
lzoo

Natural
�UV
þUV
þþUV

4 Wängberg et al. (28)
Gustavson et al. (50)

6185 3.5 Clear polyethylene 11 No Bact
Phyto

Natural
�UV
þUV

5 Wängberg et al. (28) 6185 3.5 Clear polyethylene 8 No Phyto Natural
�UV
þUV
þþUV

6 Gustavson et al. (50) 6185 3.5 Clear polyethylene 6 No Bact Natural
�UV
þUV

7 Whitehead et al. (25)
Fouilland et al. (23)

1500 2.25 Opaque (stainless
steel)

10 Yes (pump) Bacteria
Phyto

Natural
þUV

8 Bouchard et al. (14)
Longhi et al. (15)

2000 2.3 Clear polyethylene 10 Yes (pump) Phyto Natural
þUV

9 Bouchard et al. (14)
Longhi et al. (15)

1800 1.9 Clear polyethylene 7 Yes (pump) Phyto Natural
þUV

10 Bouchard et al. (14)
Longhi et al. (15)

1900 2.4 Clear polyethylene 10 Yes (pump) Phyto Natural
þUV

*The experiments are ordered by the date of publication. The analysis is restricted to studies using marine/estuarine enclosed experimental ecosystems
with volume larger than 1 m3. Trophic levels: Bact 5 bacteria, Phyto 5 phytoplankton, lzoo 5 microzooplankton, zoo 5 macrozooplankton.
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the use of cellulose acetate film. Because cellulose acetate film is

subject to aging (it becomes more opaque with time), its spectral

transmission should be monitored to avoid any significant decrease

in UV supplement over the course of the experiment (16).

Although care is generally taken to ensure a good characteriza-

tion of the spectral UV enhancement, it is equally important to

accurately measure the irradiance attenuation in the water column

inside the mesocosms. When using opaque-walled mesocosms the

irradiance attenuation within the mesocosms is much greater than

would be predicted from the optically active components in the

water column (i.e. the water molecules, colored dissolved sub-

stances, phytoplankton cells and nonalgal particles) (17,18). This

increased attenuation is due to absorption of the photons by the

mesocosm walls and the increased path length resulting from

reflection on the walls. White walls can be used to maximize the

reflection of sunlight, somewhat counterbalancing the shading

effects associated with opaque walls (11,12). When transparent

mesocosms immersed in water are used irradiance attenuation

should approximate that of the natural environment as long as the

water inside and water outside the mesocosms have approximately

the same optical properties. Shading effects caused by structures

surrounding the mesocosms and by the UV lamps over them

should be minimized and their impact on the underwater light field

quantified (19). The increased attenuation caused by wall effects

and shading effects is crucially important because it decreases the

UV irradiance integrated over the water column to a level lower

than would occur in the natural environment. This may partly

explain why relatively high UV increases sometimes have little

impact on plankton enclosed in mesocosms.

The integrated irradiance (or cumulative exposure) can be cal-

culated as the daily irradiance averaged over the water column, �Ed(k):

�EdðkÞ ¼ ½Edð0�; kÞð1� expð�KdðkÞzÞ�=ðKdðkÞzÞ ðEq: 1Þ

where Ed(0�, k) is the downwelling irradiance just below the water

surface at wavelength k, Kd(k) is the diffuse attenuation coefficient

for Ed and z is the water depth (19,20). Although this and similar

formulations are widely used in photobiology, a more appropriate

approach would include partitioning the irradiance absorption

according to the organisms of interest relative to that of the whole

suite of optically active substances. For example, a given �Ed(k) in

a system with high colored dissolved organic matter (CDOM) ab-

sorption would likely have a much smaller impact on phytoplank-

ton photosynthesis than a system with low CDOM absorption,

because in the first case most UV photons are actually absorbed by

CDOM rather than phytoplankton.

Because shorter wavelengths in the UV generally have the larger

impact on biological and photochemical processes, it is generally

more appropriate to weight the spectral UV irradiance by

a biological weighting factor (BWF; similar to the apparent

quantum yield of photochemistry [21]). One current limitation is

that BWFs are more or less specific to certain physiological

processes at certain times and locations and are therefore difficult

to generalize and apply to ecosystem-level studies. Because the

more biologically effective wavelengths are also the most rapidly

attenuated, the attenuation of UV in the water column of

mesocosms is especially important to asses and quantify.

Simulation of vertical mixing and turbulence

In marine environments as well as mesocosms enclosures irradiance

decreases approximately exponentially with depth. The exposure to

UV is therefore a direct function of the position and residence time

of the planktonic organisms within the photoactive zone, as dictated

by stratification and mixing; this photoactive zone is often

considered to be the zone between the surface and the depth where

10% of surface UV-B irradiance remains (22). Most of the UV

mesocosms studies have used pumps or rotating paddles to insure

a complete mixing of the water column (Table 1). One notable

exception is the work of Keller et al. (12), in which chilling of the

bottom water to 3–58C below the surface temperature created

stratification within the mesocosms. In 2.25 m deep mesocosms

a flow rate that passed the entire volume of the mesocosm (1500 L)

through the circulating pump every 3 h was shown to be sufficient to

create homogenous vertical distribution of nutrients and particulate

matter (23). A well-mixed water column insures that a sample taken

at any depth is representative of the whole water column, thus

decreasing the sampling effort (although processes with time scale

smaller than ca 1 h can still show vertical variations).

Because the photoactive zone in the natural environment is

generally shallower than the upper mixed zone, vertical mixing

exposes organisms and molecules alternatively to high and low UV

intensities. The depth of the upper mixed layer influences the

average UV exposure and the rate of vertical transport determines

the residence time in and out the photoactive zone (22). The

kinetics of UV damage and recovery are the most important factors

determining the effect of vertical mixing on UV impact. If all

biological and chemical effects were linear functions of cumulative

exposure over all time scales, then the timing and sequence of

exposure as dictated by vertical mixing would not matter (22).

However, UV effects are often not proportional to the cumulative

exposure but depend on irradiance level and exposure duration;

that is, reciprocity fails (21,22,24). In other words, for a given

cumulative exposure a short duration of exposure to high UV

irradiance does not have the same effect as a long duration of

exposure to lower irradiance. Mixing also affects acclimation to

UV because the relatively high PAR and UV irradiance generally

associated with a shallow mixed layer favors the establishment of

protective mechanisms (e.g. accessory pigments and mycosporine-

like amino acids) and defensive mechanisms (e.g. repair) (5). In the

less frequent situation, in which the mixed layer is shallower than

the photoactive zone (e.g. during formation of diurnal stratifica-

tion), mixing is likely to decrease depth-averaged UV effects

because already damaged plankton shields the deeper populations

and these deep populations still have access to light for photo-

synthesis and often also access to nutrients.

The mesocosm experiment described by Whitehead et al. (25)

and Fouilland et al. (23) was designed to test the effect of different

mixing rates within the mixed layer. The two mixing rates tested

favored the development of different plankton communities achiev-

ing different biomass. Although the UV increases had little impact

on bacterial abundance, phytoplankton biomass and community

nutrient uptake, the community established under the slower mix-

ing rate was slightly less UV-resistant (23,25). The complexity of

food web interactions prevailing in mesocosm experiments makes

the testing of the reciprocity of UV effects difficult but the

experiment described in Whitehead et al. (25) and Fouilland et al.
(23) suggested that the rate of mixing within the upper mixed layer

had no large impact on the measured variables. Clearly, more work

is needed on the influence of mixing on UV impacts for

communities with kinetics of damage and repair adapted to the

prevalent UV regime.
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The common practice of performing bottle or bag incubations at

fixed depths in the mesocosms is producing results that are difficult

to interpret in a broad context because of depth and horizontal

variations in UV irradiance. Incubations performed close to the

surface often show significant inhibition or damage despite the

lack of effect on the mesocosms community as a whole (14,15,26).

At the very least, fixed-depth incubations exemplify the impor-

tance of vertical mixing for the attenuation of UV impacts.

However, without a rigorous determination of the UV and PAR

irradiances in the whole mesocosm and in the small incuba-

tion bag, it cannot be determined unequivocally whether the

observed effects are a simple function of the cumulative expo-

sure (which is always much higher in near-surface incubations)

or whether physiological mechanisms (e.g. reparation of the UV

damage at depth in the mesocosms) are also involved. One

elegant way to ensure uniform UV exposure on the horizontal plane

is to fix the incubation containers on rotating mixing paddles (11).

UV IMPACT ON AUTOTROPHS

Because phytoplankton biomass tends to increase when a water

mass is enclosed within a mesocosm, most of the mesocosm ex-

periments reproduced phytoplankton bloom conditions, with Chl

a biomass increasing up to 25-fold (Table 2). If no nutrient is added

to the mesocosms the bloom lasts only for a few days and is

quickly followed by a phase of decreasing biomass. It is surprising

that statistically significant UV effects on Chl a have been

observed in only 3 of the 10 experiments reviewed and that these

significant effects lasted only a few days (Table 2). Although the

number of experiments is too small to identify trends, this lack of

effect appears to be independent of the species composition,

community structure or geographical location.

Similar to what is observed in laboratory experiments, stationary

incubation of water samples close to the water surface in mesocosms

often shows inhibitory effect of enhanced UV on phytoplankton

photosynthesis (27) and nutrient uptake (26). However, when

physiological values are determined for the whole mesocosm

population (e.g. photosynthesis-irradiance curves, variable fluores-

cence and photosynthate allocation), these effects are often

negligible (14,28). Some of the largest impacts on phytoplankton

observed during mesocosm experiments actually have been

attributed to direct UV effects on their grazers (27, and below).

UV IMPACT ON BACTERIA

Unlike phytoplankton, bacteria do not rely directly on light for

growth, with the notable exceptions of proteorhodopsin-containing

bacteria (29) and aerobic photoheterotrophic bacteria (30), so that

UV impacts are less coupled to effect of co-occurring PAR

irradiance. However, interpretation of mesocosm experiments is

complicated by the fact that DOM (their energy source) is strongly

affected by UV through phototransformations and photobleaching;

nutrient availability for phytoplankton is affected by photochem-

istry to a much lesser extent. Direct effects on bacteria are difficult

to discriminate from indirect impacts on DOM availability (bottom-

up control) and impacts on their grazers (top-down control). Only

four of the reviewed articles included estimates of bacterial num-

bers and/or bacterial production (Table 3). UV effects varied from

significant increases to significant decreases, likely reflecting

different combinations of effects on substrate availability, direct

effects on bacteria metabolism and effects on grazers. None of the

mesocosm experiments included virus studies, although significant

effects of UV on virus abundance and infectivity exist (31).

UV IMPACT ON HETEROTROPHIC PROTISTS
AND ZOOPLANKTON

Because the water used to fill mesocosms is generally prefiltered

onto 200–1000 lm filter in order to remove large grazers,

microzooplankton are the most important consumers in mesocosm

studies. Two studies investigated the microzooplankton response

to UV increase during mesocosm experiments and they had

conflicting results. Although Keller et al. (12) found no effect of

UV on microzooplankton abundance, Mostajir et al. (32) found

Table 2. Phytoplankton biomass measured during mesocosm experiments.*

Exp no. Phase of growth
Initial Chl a

(lg L�1)
Peak Chl a
(lg L�1)

Final Chl a
(lg L�1)

Effect of increased UV on
phytoplankton biomass

1 Sta, Bloom, Dec not determined not determined not determined yes, but during bloom only
2 Sta, Bloom 3.5 10 10 yes, but only on week 2 of 4
3 Bloom, Sta, Dec 5 20 5–14 no
4 Sta 1.0 1.5 1.5 no
5 Dec, Sta 1.0 1.0 0.6 no
7 Bloom, Sta 0.8 4–6 4–6 no
8 Bloom, Sta, Dec 1 25 15 yes, but only on day 9 of 10
9 Sta, Dec 5 5 0.5 no

10 Bloom, Dec, Sta 3 9–12 8 no

*The experiment number (Exp no.) refers to that given in Table 1. The three phases of growth identified are stationary (Sta), near-exponential growth
(Bloom) and decrease (Dec). Approximate Chl a concentrations are taken from published figures. In Exp 1 biomass was estimated from cell counts and
in vivo fluorescence. No phytoplankton biomass was reported for Exp 6.

Table 3. UV Impact on bacterial abundance and production measured
during mesocosm experiments. The experiment number (Exp#) refers to
that given in Table 1.

Exp no.
Effect of increased UV

on bacterial count
Effect of increased UV
on bacterial production

3 Increase decrease
4 no effect increase
6 not determined increase
7 no effect not determined
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a strong negative impact of increased UV on ciliate abundance

(66% decrease) and a positive impact on heterotrophic flagellates

(up to a 400% increase) but no significant effect of UV increases

on microzooplankton bacterivory was detected (33).

The relatively large volume (13 000 L) of the mesocosms used

by Keller et al. (11,12) allowed the inclusion of zooplankton pop-

ulations. In well-mixed mesocosms they found a tendency (some-

times significant) for zooplankton abundance to be lower under

UV-enhanced treatment, compared with controls, and explained this

by a combination of direct and indirect effects (11). Similar results

were obtained in stratified mesocosms (12), although increased

mortality of copepod nauplii in UV-enhanced treatment did not

translate into lower abundance of copepodite or adult copepods.

UV IMPACT ON PLANKTONIC FOOD WEB
AND COMMUNITY STRUCTURE

On the basis of the above discussion of the compartments of the

marine microbial food web, it is obvious that a large discrepancy

exists between the UV sensitivity of the different biological com-

ponents and that this sensitivity is a function of nutrient status,

preacclimation, mixing regime and community composition.

Species respond differently to environmental changes and the

various behavioral and physiological processes among members of

one species (e.g. reproduction, cell division, photosynthesis and

respiration) are also affected differently by any one environmental

change (34). Moreover, the response of a species to change in UV

irradiance is modulated by how other species in the community

respond to this environmental change (35). As a result of the

differential susceptibility to UV, it is therefore not surprising that

a common conclusion of many mesocosm studies (but not all; see

the article by Sommaruga (35)) is that changes in community

composition affect the structure and functioning of the system

exposed to enhanced UV.

Changes in planktonic community structure (species composi-

tion and size distribution) are important because they may translate

into significant alteration of carbon and nutrient cycling in the

marine system (36). Mostajir et al. (32) were able to establish

a carbon biomass budget for mesocosms exposed to natural levels

and enhanced levels of UV during a week-long experiment. They

found no impact on the overall biomass accumulation but a large

impact of UV enhancement on the carbon biomass partitioning

among the 5 different compartments examined (ciliates, heterotro-

phic flagellates, heterotrophic bacteria, autotrophic flagellates and

diatoms) (Table 4). In that experiment the biomass of the larger

organisms (ciliates and diatoms) was lower under UV-enhanced

treatments, whereas the biomass of the smaller organisms was

higher. Mostajir et al. (32) concluded that UV enhancement could

induce a shift in the planktonic community structure towards

smaller organisms more typical of the microbial loop, with

implications on carbon transfer.

In ecosystem-level experiments, it is difficult to discriminate

between direct UV effects and effects propagated through the food

web (e.g. impact on the prey or grazer/predator of the organisms of

interest). One promising approach to this problem is the study of

ecological interactions through the analysis of multispecies time-

series data using first-order multivariate autoregressive models (37).

The simultaneous study of every compartment of the planktonic

food web requires a lot of work from multiple investigators but the

insights gained from such integrative studies are of great value and

misleading conclusions are much less likely to occur.

FUTURE RESEARCH

Many aspects of the UV photobiology and photochemistry of

planktonic marine ecosystems deserve further attention. Notably, no

mesocosm experiment so far has addressed the UV effects on

oligotrophic offshore communities where small phytoplankton cells

(such as the cyanobacteria Synechococcus) and a microbial food web

dominate. Only two studies so far have included zooplankton

grazers, although they represent an essential link of the food web and

they are sensitive to UV at different stages in their life (38). Longer-

term studies would also provide essential information on the recovery

and protection from UV stress and the adaptation to this stress that

can be exhibited by marine plankton. However, artifacts are more

likely when organisms are kept in mesocosms for a long period.

One important aspect of UV research that has been neglected

so far in mesocosm experiments is the partitioning of photon

absorption within the mesocosms. Optical properties are important

because the main determinants of average exposure in the mixed

layer are the transparency of the water column and the depth of that

mixed layer. While photobleaching occurs in the confined water

column of a mesocosm and plankton biomass changes over time,

the relative contribution of water molecules, CDOM, phytoplank-

ton and nonalgal particle also changes. It is possible that some of

the effects attributed to changes in nutrient concentration in the

mesocosms or to UV acclimation of the organisms were in fact

related to changes in the absorption coefficient partitioning.

The synergy between UV and other stressors have been the

subject of many studies, including some experiments using

mesocosms (23,26). Global temperature increase, coastal eutrophi-

cation, petroleum and toxic spills and other current and forecasted

changes will interact with UV photochemistry and photobiology

(34,39–41). Mesocosm experiments would complement our un-

derstanding of the complex interactions between these stresses in

a way that simple laboratory experiments may not reveal.

Extrapolation of results from enclosed experimental ecosystems to

the natural environment represents a significant challenge (7,42).

The scales selected for a mesocosm study should reflect the delicate

balance between control, realism and generality (6,7). The scaling

theory and the results from experiments directly addressing the effect

of scale on ecological processes are offering tools on how we can

extrapolate from small-scale, short-term experiments involving

simplified ecosystems to complex, natural systems (42). One way

Table 4. Carbon biomass of ciliates, heterotrophic flagellates, heterotro-
phic bacteria, autotrophic flagellates and diatoms at T0 and at the end of
the experiment on day 7 and difference between the two treatments.*

Planktonic
compartment

T0

(lg C L�1)

Day 7
Natural
UV-B

(lg C L�1)

Day 7
Enhanced

UV-B
(lg C L�1)

Difference
between the
2 treatments

(%)

Ciliates 1 11 4 �64
Heterotrophic

flagellates 11 35 79 126
Bacteria 19 31 46 48
Autotrophic

flagellates 50 420 1100 162
Diatoms 203 1330 590 �56
Sum of the 5

compartments 284 1827 1819 �0.4

*Biomasses were measured in duplicate mesocosms exposed to natural or
enhanced UV-B. Data are adapted from Mostajir et al. (32).
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of validating the findings of mesocosm experiments is to establish

comparisons with data collected from a range of natural ecosystems.

Although the number of confounding variables in the field is

large, the most significant effects observed in mesocosms are likely

to show up in well-focused comparisons with data from natural

ecosystems.

CONCLUSION

Ideally, experiments reveal interactions, expose underlying mech-

anisms and support or refute models (43). Mesocosm experiments

have shown that, despite UV enhancements that were often far

greater than could result from ozone depletion, planktonic com-

munities do not suffer from the catastrophic negative impacts that

might have been inferred from some laboratory experiments on in-

dividual component of the marine food web. In their modeling of

water column photosynthesis Neale et al. (44) agreed with this

view, calculating that a 50% ozone depletion would cause at most

a 1.5–8% reduction of water column phytoplankton production in

the Weddell-Scotia Confluence of the Southern Ocean, depending

on the mixing scenario. By comparison, realistic changes in

cloudiness alone could induce changes of�24% toþ6%. Similarly,

on the basis of their numerical model incorporating vertical mixing

and satellite-derived distributions of stratospheric ozone, sea ice,

clouds, surface temperature and phytoplankton biomass, Arrigo

et al. (45) estimated that the loss of primary production in the

Southern Ocean resulting from enhanced fluxes of UV-B due to

severe ozone depletion was ,0.25%.

Some of the UV enhancement used in the reviewed experiments

may seem unrealistic in view of likely changes in UV irradiance

due to ozone depletion. However, factors such as changes in strat-

ification, snow and ice cover or modification of UV-absorbing

terrestrial DOM input to the sea may cause changes in UV expo-

sure much greater than would result from severe ozone depletion

(46,47). Therefore, even the largest UV enhancement may well be

representative of future modifications linked to global changes. As

previously noted, the relatively small effects of UV enhancement

observed in mesocosm experiments must be put in perspective by

recognition that the ‘‘normal’’ levels of UV already have signif-

icant effects (44,45). This is supported by significant differences

observed between the natural and UV-B–excluded treatments of

mesocosm experiments (32,33).

Mesocosm experiments can have a quantitative predictive goal or

reveal general mechanisms likely to apply to a wide variety of sys-

tems (43). Mesocosm studies of the UV impact on marine plankton

sometimes have a poor predictive value because of scale issues,

because not all trophic levels are represented or because not every

key environmental condition is reproduced in mesocosms. Never-

theless, valuable insights into the controls and mechanisms of UV

damage and repair have been gained and these experiments begin

to reveal the complex interactions between UV and other stressors

(e.g. grazing and nutrient depletion). Together with laboratory

experiments, observations from the marine ecosystem and models,

insights gained from mesocosm experiments will continue to im-

prove our understanding of the marine plankton and help to predict

the impacts of current and forecasted environmental changes.
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