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Ocean acidifi cation, the other CO2 problem: 
how long will life resist?
Kongsfjord 2010  - Exploring the future of the Arctic Ocean

The time travelling submarine
There is a little of Jules Verne, Amundsen and Darwin in 
the incredible experiment that we have just started at Ny 
Ålesund during these last few days of May 2010.

The sun turns 360° without ever setting, the snow is 
melting and the arctic summer is approaching. The fjord 
is fi lled with migratory birds, those tireless travellers who 
have crossed thousands of kilometres in order to make 
the most of the abundant food offered by the ocean here. 
The gold medal must surely go to the arctic tern, who 
goes to soak up a bit of sun in the Antarctic when win-
ter arrives here, and comes back to breed every summer 
having completed a return journey of around 40,000 km 
without emitting one gram of fossil fuel CO2!

Surrounded by these amazing migrators, about forty of us 
European scientists have gathered in Ny Ålesund to try 

out a completely different kind of journey: an exploration 
of the future in this forever hostile, fascinating and mys-
terious environment which the ocean remains to us ter-
restrial human beings. The fjord appears to be untouched, 
but thousands of kilometres to the south, CO2 waste pro-
duced by billions of humans is spreading throughout the 
atmosphere and, due to the cold temperatures, is entering 
the ocean here more quickly than anywhere else. Within 
the depths of the richest waters on the globe, we are 
looking for answers to a nagging question: how will all 
this life in the ocean cope with this brutal intoxication of 
CO2 that we are subjecting it to?

In order to answer this question, it took us fi ve years to 
design, build prototypes, redesign and test one of the 
most audacious biological „reaction machines“ in oceano-
graphic history: nine “mesocosms”, nine columns of sea-
water imprisoned within the fjord to be experimented on 

at our leisure.  At fi rst 
sight, the experiment 
seems really simple : 
big plastic cylinders (2m 
in diameter by 15m in 
depth, i.e. around 55m3) 
will be used to isolate 
columns of water out in 
the fjord and to artifi -
cially increase the con-
centration of CO2 inside 
them, in order to observe 
the effects on living or-
ganisms such as algae 
and other plankton. To 
simulate the conditions Ny Alesund, international research station and northernmost human settlement.

This account of the EPOCA expedition in Kongsfjord, near Ny Ålesund in Svalbard, less than 
1200 km from the North Pole, is dedicated to all pupils, teachers, and general public wish-
ing to share an unprecedented science and exploration adventure into the future of the Arctic 
Ocean exposed to a high CO2 world.



predicted for different periods of time in the future and 
to compare the effects, we will progressively increase the 
concentration of CO2 from one mesocosm to another: just 
like a real submarine travelling through marine time!

Ny Ålesund, the starting point for 
great Arctic exploration
But this journey into the future is a highly risky scientific 
and human adventure, in the tradition of the great po-
lar expeditions - just like Roald Amundsen who took off 
from this very same place on board the airship Norge to 
reach the North Pole in 1926. In our case the main risks 
are resulting from the fragility of the plastic sheets: an 
iceberg heading in the wrong direction can destroy the 
mesocosms at any moment - the fjord is under around-
the-clock binocular surveillance - not to mention what a 
playful curious polar bear is capable of... We also faced 
numerous logistical challenges, for getting all the heavy 
metallic structures for the mesocosms here, as well as the 
scientific teams from all over Europe and even China, and 
the mobile laboratories necessary for processing the sam-
pling that will be carried out for 6 weeks.

Human exposure in modern Arctic research of course has 
nothing to do with the perils faced by the explorers of 
past centuries, but draconian safety measures remind us 
of them: it is forbidden to leave without a gun, com-
pulsory even at sea to keep away the polar bears that 

Icebergs could crush our precious mesocosms and destroy years 
of work in minutes... fortunately, they are easy to move away 
(picture by Ulf Riebesell) 

sometimes may cross the base; heavy survival wetsuits 
must be donned at sea to avoid dying in minutes in case 
you fall into the water which is only 1°C.

This human vulnerability to the forces of nature is the very 
essence of polar regions, which perhaps hits the newly 
arrived traveller in Ny Ålesund the hardest. Everything 
reminds us that we are mere intruders here tolerated by 
the real masters of the place: the reindeers and foxes that 
stroll around the houses, and the terns that arrive each 
year on the 1st of June, with astonishing punctuality, and 
nest even in the middle of the road. Beware of getting too 
close: they don‘t fly away, but respond immediately with 
piercing cries and very aggressive pecks!

All those years of preparation behind us, tests in the Bal-
tic Sea, months and months of preparing the logistics... 
then long weeks of packing and travelling, and finally the 
arrival in Ny Ålesund. This Sunday, 30th May, the crane on 
the Esperanza, the largest Greenpeace vessel come to lend 
an indispensable hand, is lifting the immense structures 
for the mesocosms and is carefully placing them one by 
one into the water.

The long plastic cylinders within which the fjord seawater 
is going to be isolated and experimented upon are slowly 
introduced lengthwise into the water, trapping at the 
same time a myriad of tiny organisms in suspension in the 
water - a net will prevent any organism larger than 3 mm 
from getting in: in this volume of water, there wouldn‘t be 
enough of them to be studied in a statistically significant 
way. Then we dive to the bottom of the cylinders to close 
them: being an oceanographer can sometimes mean work-
ing hard under water! We will also have to dive again to 
check the water tightness of the mesocosms, and despite 
our ultra-thick wetsuits sometimes we get out freezing 
from these long dives in icy waters.

It‘s the beginning of June, and you can see a mixture of 
tiredness, tension and jubilation on our faces - just like 
on the day of a rocket or space shuttle launch; under the 
midnight sun, the mesocosms are moored peacefully in 
the Kongsfjord. At last everything is ready to get the ma-
chine started, to alter the CO2 concentrations to simulate 
those throughout the 21st century, in other words, to 
launch the experiment into the future!
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The mesocosms: our gigantic „test 
tubes“ in the middle of the fjord
Extensive plankton blooms are the cause of the prolif-
eration of life in the Arctic Ocean; in spring, after long 
winter months in darkness, the pack ice melts leading 
to a real biological eruption. Phytoplankton (microscopic 
algae) develop rapidly via photosynthesis, thus allowing 
zooplankton (animal plankton) to feed and multiply in 
turn. This tiny world is at the bottom of the ocean food 
web: in a way it depicts the ocean‘s vegetation and in-
sects, the prime source of food for the shellfi sh, fi sh, 
corals, marine mammals, birds etc.

For the past 25 million years, these organisms have been 
used to living in seawater with a more or less constant 
pH - of around 8.2. In addition to increasing the green-
house effect and warming the climate, the CO2 emitted 
into the atmosphere via deforestation and the combus-
tion of petrol has long been known to also lead to a 
decrease in seawater pH: nearly 30% of our CO2 emissions 
are absorbed by the ocean and react immediately with 
the water inevitably leading to its acidifi cation. 

It is, however, only over the past 10 years that it has 
been noticed that this acidifi cation could disturb the or-
ganisms living in the water: the decrease in pH leads to 
a decrease in the quantity of dissolved carbonates, which 
are needed by marine calcifying organisms to build their 
shells or skeletons. Beyond a certain threshold, the water 
becomes corrosive and potentially capable of dissolving 

their skeletal material. This risk is imminent in the Arctic, 
where the icy waters speed up the absorption of CO2: as 
from 2016, 10% of the Arctic Ocean will become corro-
sive for aragonite, one of the main forms of carbonates 
produced by calcifi ers. In 2050, if the current global CO2 
emissions continue in this way, half of the Arctic Ocean 
will be corrosive for aragonite.

Will there really be a dissolving of the affected organisms, 
thus rendering them vulnerable, or will they be able to 
adapt to ocean acidifi cation? How will the vital functions 
of the species concerned (reproduction, growth, feeding, 
breathing etc) be affected? Will some species disappear, and 
what will be the consequences for the rest of the food web?

On average, seawater pH has decreased by 0.1 since the begin-
ning of the industrial era, which corresponds to a 30% increase 
in acidity (the pH scale is logarithmic, like e.g. the Richter scale 
for earthquakes). This happens more intensively in cold regions 
where low temperatures increase the CO2 uptake by seawater 
(source Global Ocean Data Analysis Project).

left: 28 May 2010 - the crane of the Esperanza carefully moors the mesocosm structures in Kongsfjord, 79° North 
(picture by Martin Sperling)

right: The long plastic bags have been unfolded into the water: the experiment can start (picture by Yves Gladu 
© Georama TV)



Finding answers to these burning questions is a colos-
sal challenge for science: it is impossible to recreate the 
whole marine ecosystem in the laboratory and to test its 
powers of resistance over such time scales! Our never-
ending quest is therefore to find experimental conditions 
that will reflect natural conditions as closely as possible. 
Up until now, experiments conducted in the laboratory on 
species isolated artificially from their original environ-
ment show that the rise in pH indeed causes a decrease 
in the calcification and growth of the majority of the 
species studied.

Thanks to our mesocosms, we are now going to study 
in situ - and not in a test tube - the consequences of 
pH decrease on the scale of all the species that make 
up the base of the food web in the Arctic ocean: plank-
ton, bacteria and viruses. It is therefore an important 
step towards simulating nature, but it is still far from 
reflecting it in all its complexity. There is an immense 
genetic variability in plankton, even within one species, 
and it is statistically very likely that the most abundant 
genetic groups in the ocean are those that are trapped in 
our experimental columns of water; will other less abun-
dant genetic groups be better equipped to deal with a 
CO2 increase? Moreover, we are enriching the water in 
barely a few days, whereas in reality the atmosphere and 
surface water will take decades to reach these levels of 
CO2. Despite these constraints, and the reservations that 
they impose, what the mesocosms will reveal about the 
species trapped within them will give unprecedented in-
sights into their abilities to resist different levels of CO2.

The experiment
To enrich the water with CO2, we need to directly add CO2 
saturated water to the mescosms. In order to mix it ho-
mogeneously within the whole water column, we slowly 
inject it through a „spider“, whose legs are dozens of 
little tubes of different lengths spread in the form of a 
star, which is lowered and raised in each mesocom about 

1)

2)

3)

4)

... some plankton species        traped into our mesocosms ...

1) Skeletonema costatum 2) Ciliat 3) Cavolinia longrostris 4) Thalassionema 
nitzschoides  5) Chaetoceros affinis 6) Limacina helicina 7) Ctenophora  8) 
Ditylum brightwellii  9) Polychaeta spionidae 10) Cavolinia inflexa
Pictures Annegret Stuhr (1, 2, 4, 5, 8) and Miriam Marquardt (7,9), IFM-GEO-
MAR; Steeve Comeau (10), CNRS-LOV; Russ Hopcroft (3), Univ. of Alaska
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ten times - a bit like a using a pipe cleaner.

Two mesocosms will not be enriched with CO2
1: they will 

serve as a reference control so that natural developments 
within them can be compared with those observed at 
different concentrations in the experimental mesocosms. 
At the start of the experiment, the partial pressure of the 
CO2 in the non-enriched mesocosms is only 170 µatm2 

- this is lower than the concentrations in the air (390) 
because the plankton has already bloomed and consumed 
much of the carbon in the water, fixing it via photosyn-
thesis (just like trees do when growing).

There will be seven stages to the journey through time, 
corresponding to the different quantities of CO2 added to 
each of the seven remaining mesocosms: 
• 280 µatm (pre-industrial level): this mesocosm will 
simulate the predominant situation before the 18th cen-
tury
• 390: the current level
• 560 (double that of the pre-industrial level) corresponds 
to the level expected between 2025 and 2060 according 
to CO2 emission scenarios 
• 840 (triple that of pre-industrial levels) could be 
reached between 2100 and 2120, if nothing is done to 
reduce current trends
• 1120 (quadruple) is not envisaged during the 21st cen-
tury
• the last two mesocosms will be enriched to 1500 
and 2000 µatm -  extreme values which should never 
be reached, but which will help us to better understand 
certain physiological processes and to verify how trends 
observed at intermediate values progress.

To spice things up, a little spy is added to the pot: a drop 
of 13C, 10 g per mesocosm. This non-radioactive carbon 
isotope, rare in nature, will then be found in all the or-
ganisms - a bit like using a colouring agent to follow the 
pathway of the added CO2 within the whole planktonic 

�)
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6)

4)

8)

9)

10)

... some plankton species        traped into our mesocosms ...

1) These reference mesocosms are of paramount importance to interpret 
the measures made in the enriched ones, therefore they are duplicated, 
in case one of them would be damaged or lost during the experiment.
2) The µatm (micro-atmospheres) unit, used for the partial pressure 
(proportion) of CO2 in the ocean, is equivalent to the ppm (parts 
per million) unit used for the concentration of this gas in the atmo-
sphere.



1) the development of the basic physical and biological 
parameters, in order to monitor the progress of the ex-
periment and to serve as a common reference for all the 
other observations:

• Water volume in the mesocosms
• Temperature, salinity and oxygen
• CO2: in the water and losses to the air and across the 
mesocosm walls
• pH and carbonates
• Nutrients
• The composition, abundance and biomass of the or-
ganisms enclosed in the mesocosms
• Organic matter (carbon, nitrogen, phosphorus, sili-
con in particulate and dissolved forms, in suspension 
or fallen into the sediment traps at the bottom of the 
mesocosms)
• Gases linked to biological activity

2) The specific reactions of the species that we want to 
study. To get them out, we need to patiently sieve doz-
ens of litres of samples through progressively finer filters 
that will sort by size the organisms in suspension in the 
water; from viruses to zooplankton visible to the naked 
eye. Some of them are frozen straightaway at -80°C for 
later treatment in our home laboratories. For others, that 
we want to observe alive, but are very fragile, we have 

community. When using this tracer you can distinguish 
the growth of the sampled organisms before the experi-
ment (non „colored“ with 13C) from the growth while un-
dergoing the effect of CO2 enrichment.

Once the CO2 enrichment is finished, all we have to do 
is fertilize the water in the mesocosms by pouring in 
an identical cocktail of nutrients into each one, and the 
machine is launched: a new plankton bloom is generated, 
allowing us to analyze the effects of different levels of 
enrichment on the largest number of parameters possible, 
which are linked to the metabolism of our little microbial 
guinea pigs trapped in the mesocosms: respiration, re-
production, growth, calcification, decomposition etc.

On land: temporary laboratories
Now that the machine has been started, the observations 
can begin.
Everyday, a fleet of inflatable zodiacs surround the me-
socosms to take samples and to process them straight-
away in a jumble of laboratories deployed on nearly every 
available square meter at Ny Ålesund: in a way this is the 
„headquarters on land“ of our time travelling submarine!

We are mainly interested in two large groups of observa-
tions:

We use the “spider” to add CO2, salt, nutrients etc. into the mesocosms
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mesocosms, to pump and adjust the necessary quanti-
ties, the sampling order and the shift timetable to avoid 
spending the night there etc. Then the operations be-
come routine: as always, the aim of science is to collect 
enough data to be able to produce trends that are sta-
tistically significant. From now on we can sum it all up 
in a handful of verbs: pump, carry, empty, fill, mix, filter, 
separate, sort out, freeze, weigh, count, put away, rinse, 
repair, dismantle, wash etc!

In this way, you can kind of liken our 
mesocosms to nine giant bodies in 
the hands of medical research, rid-
dled with instruments and captors, 
with samples sent daily to be anal-
ysed, all just to see how the beast 
will react to poisoning.  « Everything 
is poison, nothing is poison, only the 
dose makes the poison“ wrote Para-
celse in the 15th century: will our 
mesocosms be able to tell us what 
dose of CO2 should not be reached in 
the ocean?

to cool the labs right down to a temperature that they 
are used to, i.e. to 1°C! Others need to be incubated so 
that we can measure mortality, growth and reproduction 
rates: after an initial analysis, we immerse them in the 
fjord for 24 hours in small bottles and then we measure 
the changes that have occurred during this time.

For the first few days the sampling operations are a bit 
chaotic: we need to learn how to tie our zodiacs to the 

Bottles, boxes, filters and measuring instruments: most samples tak-
en from the mesocosms are immediately processed in Ny Alesund’s 
harbour storage hall.

Analysing a sediment sample

Preparing to go at sea sampling (Picture Xavier Cervera)



 

Early July 2010, before removing the mesocosms from the water and returning home, the whole EPOCA team joins for a friendly bath 
in Kongsfjord! (picture de Kluijver / Meyerhöfer)

When will we see the results?
Travelling in time on board the mesocosms is a bit like making a fi lm: there are the takes (sampling), the develop-
ing and editing stage (analysis, interpretation and modelling to transform our measurements into numbers, curves 
and maps) and fi nally the fi lm premiere: the publications in scientifi c journals! At the end of 2010, we hope to start 
seeing the fi rst results, the fi rst images, even if still a little fuzzy. The real conclusions will only be delivered during 
the course of 2011.

Early July, end of the „travel into the future“: the Esperanza vessel recovers the mesocosms after 6 weeks of intensive 
sampling and measurements (pictures Nick Cobbing).



9

Greenpeace and science
A year before the expedition, when we were in the middle of preparations, the information hits us like a hammer: 
the research vessel that was to provide the transport from Kiel, in Germany, all the way to Ny Ålesund, and to place 
the mesocosms in the water, would not be available in the Arctic in June 2010. Ulf Riebesell, the experiment co-or-
dinator at IFM-GEOMAR, the institute which designed and constructed the mesocosms, mentioned this in a report to 
the EPOCA „Reference User Group“, a group which comprises industries, decision makers and environmental organi-
sations interested in research results. Greenpeace immediately offered their vessel Esperanza, technically capable 
of carrying out the operation. Lively debates spread through the scientifi c community: is it possible to accept the 
offer of an activist NGO without taking the risk of losing our scientifi c credibility? To overcome this issue, a memo-
randum of understanding exclusively between Greenpeace and IFM-GEOMAR strictly defi ned the roles of each party 
and guaranteed the total independence of EPOCA in relation to this atypical sponsor. Greenpeace offered support to 
IFM-GEOMAR, which provided the logistics of this experiment and made the mesocosms available free of charge to 
various research projects, including EPOCA.

The Arctic, the magnifying glass of global 
change
Originally, Ny Ålesund was a coal mine which fuelled the 
industrial revolution in Europe in the fi rst half of the 20th 
century. After an accident in which 22 miners perished 
in 1962, the mine was closed down and an international 
scientifi c base gradually took over the area, the most 
northern one in the world. In a way, it is ironic that the 
very carbon which came out of the ground here is now 
making the journey back in the opposite direction. De-
spite all appearances, it‘s here in the Arctic Ocean that 
one can fi nd the largest part of the billions of tonnes of 
CO2 polluting waste absorbed each year by the world‘s 
seas. Along with ocean acidifi cation, that „other CO2 
problem“, the polar regions, already transfi gured by the 
melting of ice as a result of global warming, can be lik-
ened more than ever to a magnifying glass revealing the 
global human impact on the very environment on which 
our survival depends.

The old steam train of the mine in Ny Alesund – the coal‘s 
journey doesn‘t go any further!
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To learn more:
- visit the expedition’s blog at www.epocaarctic2010.wordpress.com where you will find pho-

tos and diaries from the field in 5 languages written in June 2010. You will also find 
in-depth information on scientific questions (“The Science”), the experiments carried out 
(“The experiment”) and the participating researchers (“The People”).  Similarly, you will 
find information on the 2009 expedition, which studied organisms living on the ocean 
floor, on the blog www.epocaarctic2009.wordpress.com.

- visit the EPOCA educational webpage at www.epoca-project.eu/index.php/Education.html  
where you can find resources to help you introduce the subject in the classroom, in particu-
lar posters, films, and hands-on experiments illustrating the phenomena involved.

- watch the 52‘ movie „Tipping Point“ on Ocean Acidification, a large part of which made 
during our Svalbard experiment - see www.eurovisiontv.com/en/eurovisiontv/science_edu-
cation/tippingpoint.php. The movie can be ordered at georamatv@free.fr

Picture Anna Silyakova


