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The oceans and their abundant 
biodiversity provide essentia l 
ecosystem services. Responsible 
for the sequestration of 25% of 
anthropogenic carbon emissions 
and the absorption of the majority 
of excess heat in the atmosphere, 
they also play a major role in the 
regulation of atmospheric CO2 
and of the climate (cf. II.14). Their 
exploitation by fishing is a key 
source of income and protein for 
a significant part of the global 
population. However, cl imate 
changes threaten these ecosystems 
and the valuable services they 
provide. These changes modify 
the temperature, stratification 
and circulation of the ocean. 
They could lead to the expansion 
of vast hypoxic regions, while 
the absorption of anthropogenic 
carbon causes the waters to acidify 
(cf. II.9). These changes hinder 
primary production, which is vital 
for ecosystems and biodiversity. 
With marine ecosystems being 
driven towards unprecedented 
states, scientists are beginning to 
quantify the future consequences 
of this for the climate, fisheries and 
their economies. 

Meanwhile, fish is playing an 
ever-growing role in the human diet, 
and consumption has now reached 
20 kg per person per year. The 
importance of marine resources for 
food security has been established, 
and looks set to grow in the future, 
with the huma n popu lation 

predicted to reach 9.7 billion in 
2050. Pressure on marine resources 
will therefore also grow, while their 
ecosystems are already weakened by 
fishing and threatened by climate 
change. In this worrying context, 
it is crucial to define scenarios 
based on integrated models of 
marine socio-ecological systems. 
This is the foundation of the work 
of the IPCC (Intergovernmental 
Panel on Climate Change) and the 
IPBES (Intergovernmental Science-
Policy Platform on Biodiversity 
and Ecosystem Services), who 
attempt to anticipate the threats 
and opportunities generated by the 
coming changes, and to quantify 
future vulnerabilities. It is also 
important to devise prevention, 
a d apt at ion a nd g over na nc e 

strategies that will allow us to 
achieve the ocean conservation and 
sustainable exploitation objectives 
set out in SDG 14 (cf. I.14). 

More stratified  
and less prosperous 
oceans 

The warming of the atmosphere 
is transmitted to the oceans, mea-
ning that their surface temperature 
could rise by 0.7 to 2.7°C by 2100, 
according to the forecast climate 
scenario. However, this warming 
primarily affects the surface layers, 
which warm up faster than the deep 
layers, causing increased stratifi-
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Predicted change in primary production (g.C.m−2.year−1) between the start 
and the end of the 21st century, for climate scenario RCP 8.5: ‘business 
as usual’. The dotted areas are those where the projection is most robust. 
According to Pörtner et al., 2014. n
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cation of the oceans. This effect is 
likely to worsen in the future, par-
ticularly at low latitudes. 

More stratified oceans will be 
less prosperous. Water layers of dif-
ferent temperatures, and therefore 
different densities, limit the ascent 
of deep nutrients towards the sur-
face, where primary production 
takes place. This will cause phyto-
planctonic production to fall by 9% 
by the end of the century, according 
to the worst case scenario used by 
the IPCC (RCP 8.5). Primary pro-
duction will fall most at low and 
medium latitudes, where stratifi-
cation will increase the most. In 
contrast, models predict that phy-
toplanctonic production could rise, 
sometimes significantly, at high lati-
tudes (Fig.). 

Deoxygenated and 
more acidic oceans

The warming of the surface 
waters reduces oxygen solubi-
lity, while increased stratification 
decreases ventilation of the deeper 
waters. It is predicted that by the end 
of the century, these two phenomena 
will cause a 1.8 to 3.5% drop in the 
total quantity of dissolved oxygen in 
the ocean. This decrease will lead to 
accelerated vertical and horizontal 
expansion, particularly in tempe-
rate and polar zones, and in oxygen 
minimum hypoxic zones, which 
today essentially occupy vast regions 
in the eastern tropical Atlantic and 
Pacific oceans. It will also contri-
bute to the multiplication of anoxic 
‘dead’ zones in eutrophic coastal 
zones, where only certain bacteria 
can survive. 

The oceans absorb a significant 
portion of atmospheric CO2. This 

dissolved oxygen forms carbonates 
and acidifies the waters. Over the 
century, the increased presence of 
CO2 emissions in the atmosphere 
could cause a 0.07 to 0.33 unit drop 
in the oceanic pH. This acidification 
of the oceans is very likely to have 
major impacts on many calcifying 
species. This will modify the struc-
ture of ecosystems, particularly that 
of the coral reefs (cf. II.25), which 
are already affected by rising water 
temperatures. 

Resource decline  
and redistribution

Severa l studies show that 
the drop in primary production 
could be amplified at the upper 
trophic levels. Therefore, the 
g loba l  decrea se  i n  pr i ma r y 
production would cause a 15 to 25% 
reduction in global fish biomass 
by 2100. Moreover, temperature 
is an essential determinant for the 
physiology of marine organisms, 
which can only survive in very 
specific ranges. Increased water 
temperat u re s  w i l l  t herefore 
profoundly modify their spatial 
distribution. The tropical waters 
may become deserted because they 
will grow too hot. When tropical 
and temperate species can no longer 

easily colonize the deeper waters, 
which are cooler but darker and 
increasingly deoxygenated, they 
will be pushed towards the poles, 
where productivity will increase. 
Meanwhile, polar species will no 
longer be able to find a suitable 
habitat, and risk mass extinction. 

Today, it is acknowledged that 
most marine species will undergo 
radical changes in abundance, 
geographical distribution, migratory 
routes and phenology (cf.  VI.9). 
However, these changes will vary 
from one species to the next, and 
between regions. Interactions 
between species and the composition 
of communities will be distorted. 
Fisheries will be forced to adapt. 
Overall, the tropical regions face 
the biggest losses. Conversely, new 
exploitation opportunities may 
appear in the polar regions, but 
these will need to fit in with the 
conservation of threatened species. 
To understand how our choices 
today influence the ocean that will 
support our lives tomorrow, it is vital 
to define scenarios for marine socio-
ecological systems. We must not 
only warn of the dangers to come, 
but also devise new paths towards 
sustainability. The stakes are high: 
we need to build the knowledge 
that will allow us to avoid the 
unmanageable, and equip us to 
manage the unavoidable. 
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•  H.-O. PÖRTNER et al. – Ocean systems, In: Climate Change 2014: 
Impacts, Adaptation, and Vulnerability, Contribution of WG2 to the Fifth 
Assessment Report of the IPCC, 2014.

•  M. RHEIN et al. – Observations: Ocean. In: Climate Change 2013: 
The Physical Science Basis, Contribution of WG1 to the Fifth Assessment 
Report of the IPCC, 2013.



The 
revealed 



Acknowledgements

We have received a great deal of support, without which we could never have produced this book. We would like 
to thank the chairman and members of the AllEnvi research alliance for their backing of the project, and the exe-
cutive secretariat of AllEnvi for their assistance, the CNRS Ecology and Environment Institute for their precious 
support and the scientific communities at the various research performing organizations involved.

The publication’s coordinators also express their warmest thanks to the members of the editorial committee for 
all their hard work and responsiveness, and to all the contributors for their enthusiasm in sharing their knowledge, 
even within some very tight deadlines! The English version could not have been produced without the efficiency 
and meticulousness of the translators. The coordinators would also like to thank CNRS Éditions who have pro-
vided their support throughout the publication process. Finally, this book could not have been published wit-
hout the energy and professionalism of Elsa Godet, who threw herself into the challenge of producing the book in 
both languages.

Steering Committee
Philippe CURY, IRD.

Agathe EUZEN, CNRS.

Françoise GAILL, CNRS.

Denis LACROIX, Ifremer.

Stéphanie THIÉBAULT, CNRS, Vice-président of AllEnvi.

Multidisciplinary Editorial Committee

Sophie ARNAUD-HAOND. Ifremer.

Cédric BACHER. Ifremer.

Jacques BERTRAND. Ifremer.

Laurent BOPP. CNRS .

Catherine BOYEN. CNRS.

Chantal CAHU. Ifremer.

Sylvie LAPÈGUE. Ifremer.

Philippe CURY. IRD.

Pascale DELECLUSE. CNRS.

Agathe EUZEN. CNRS.

Lise FECHNER. Ifremer.

Françoise GAILL. CNRS.

François GALGANI. Ifremer.

Jean-Pierre GATTUSO. CNRS.

Françoise GOURMELON. CNRS.

Catherine JEANDEL. CNRS.

Denis LACROIX. Ifremer.

Gérard LE BOUEDEC. University of Bretagne Sud.

Nadine LEBRIS. Pierre et Marie Curie University.

Pierre-Yves LE TRAON. Ifremer.

Marina LÉVY. IRD.

Catherine MÉVEL. CNRS.

Frédéric MÉNARD. IRD.

Éric RIETH. CNRS.

Thierry PEREZ. CNRS.

Sarah SAMADI. MNHN.

Patrick VINCENT. Ifremer.



Editorial and graphic design:

Elsa Godet (www.sciencegraphique.com)

Translation: 

Morris Traduction (www.andrewmorris.fr) and Daphne Goodfellow

p. 166 Graham Maclachlan (Mactrad)

© CNRS Éditions, Paris, 2017
ISBN: 978-2-271-11907-0




