
Gilles Boeuf, Sorbonne University, Paris                       Paris , May, 11th, 2021

Guyane, les Nouragues, © G Boeuf, 2011

Nouvelle Calédonie, récif du Grand Sud, © G Boeuf, 2009

Shanghaï © G Boeuf, 2015

Biodiversity facing
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Last News…
Le Monde, 11 janvier 2021
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Water, essential  for the living





Dec 12th, 2015, 19 h 32
Paris Agreement; less than 2 °C! Or 1.5?
1983-2018, the hottest period since 1400 years, CO2, 
the highest since 800000 years, 2020 highest level of 
storms, gigantic fires in Amazonia, California, 
Australia… very strong floods…
2020 the warmest year (and however without el nino), 
really linked to the human activities, climate change, 
third reason of biodiversity loss,
Countries policy insufficient: to divide by two our
emission of GEG and maintain the capacity to reach
1.5 °C, China, C neutrality in 2050? 



Effects of climate change

n Temperature (air, ocean) which
increases…

n Melt of glaciers,
n Tropical typhoons, heavy rains, floods, 
n Drought, lack of water,
n Drop of the oxygen in water,
n Sea level rise,
n Undirectly, ocean acidification.



Inside the global change, great
environmental questions

Energy,
Water, 
Biodiversity,
Climate,
Pollution,
Interactions between human and nature.

Can a collapse of global civilization be avoided?
Paul R. Ehrlich and Anne H. Ehrlich

Proc. R. Soc. B 2013 280, 20122845, published 9 January 2013

© G Boeuf, 2015 © ScienceJunior.fr
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Tara-Oceans Global Sampling
September 2009 – October 2013

> 1,200 CTD profiles

Underway measurements
- TSG, Ac-S, FRRF, Alfa

35,000 samples for biology
- Surface, DCM, meso
- DNA, RNA sequencing
- Microscopy
- Flow cytometry

210 stations

> 1,500 HPLC samples

> 850 carbonate samples

> 1,800 nutrient samples





98% of the oceanic biomass is
unicellular!

PROTIST

Bacteria

Virus

© Tara Oceans, 2015
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100 M to 1 B/g
2.5 mt /ha

1 to 3 m of mycelium
3.5 mt/ha
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All animals: 1 to 5 mt t/ha
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Biodiversity: when?16 April 2012
14 March 2014

Cave Chauvet, 37 000 years
© G Boeuf, 2014

© J M Chauvet, 2014



Fall of the Wild … 
Global perspective on Anthropocene

Science 2011 (7 oct), 334:34

Mammal mass: 90 % humans and domestic animals, 0,1 %  there  are 10 000 years!
2 millions species known, maybe 20? And the human and a few dozens of domesticated 
species, (one B cows!).To continue to treat and operate « wild species »?
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Seven questions in ecological crisis

Crisis of the agricultutal productivism,
Lack of drinkable water,
Fisheries endangered ,
Deforestation in progress,
Fall of biodiversity,
Toxic products largely disseminated,
Climate change in acceleration.

WWF Rapport Planète Vivante 2016 page 1 

Rapport
Planète Vivante 2016
Risque et résilience 
dans l’Anthropocène

NI T

Ceballos, G, P A Ehrlich and  R Dirzo, 2017. Biological
annihilation via the ongoing sixth mass extinction signaled by 
vertebrate population losses and declines. 

PNAS, nline at www.pnas.org/lookup/suppl/doi:10. 1073/pnas.1704949114/-
/DCSupplemental, June 2017.



Biodiversity endangered?

1 Destruction and pollution

2 Overexploitation

3 Alien invasive species 4 Climate change

Jackson et al., 2001

The ‘fishing 
down’ effect is 

ubiquitous. 
It describes   

the systematic 
extirpation of 

marine 
megafauna

© M. Taquet

Has the Earth’s sixth mass
extinction already arrived?

Barnosky et al., Nature, 2011



Climate / human migrations at the 
origin: out of Africa

Timmerman et al.,
Oct 2016,
Nature, 538, 92-102;
Late pleistocene
Climate drivers of early
human migration
106-94, 
89-73,
59-47,
45-29 000 years.

Demenocal & Stringer,
2016, Nature, Oct



Since the beginning of the 90’s
à Spatial altimetry of high precision

Topex/Poseidon (1992) Jason-1 (2001)
Jason-2 (2008)

ERS-1/2 (1991/1995)
Envisat (2002)

Saral/AltiKa (2013)

© A Cazenave, 2013

6.5 cm
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Temperature effects
n Metabolic reaction, 
n Migration,
n To find new areas more favourable, feeding, development, 

growth and reproduction…
n To avoid « bad-being », active and passive,
n Research of new territories, 
n Adaptation to climate, to avoid « bad season », when food is

scarse, go back to poles in summer, when light is constant… 



Anthropocene generation
Réchauffement global par rapport à 1850-1879 (°C)

Observations mensuelles (HadCRUT4)
Tous facteurs 
Activités humaines (5-95%)
Activité du Soleil et des volcans (5-95%)

© V Masson-Delmotte, 2019



Durée et intensité des vagues de chaleur

2021-2050
(1.5°C-2°C)

2071-2100 en cas de 
réchauffement 
planétaire de 4°C

2003

© V Masson-Delmotte, 2019



Rapport spécial du GIEC sur le 
changement climatique, la désertification, 

la dégradation des terres, la gestion 
durable des terres, la sécurité alimentaire 
et les flux de gaz à effet de serre dans les 

écosystèmes terrestres

www.ipcc.ch/report/SRCCL

https://fr.wikisource.org/wiki/Rapport_spécial
_du_GIEC_sur_le_changement_climatique_et_
les_terres_émergées



Ocean and cryosphere in a changing climate

www.ipcc.ch/report/SROCC

104 authors 36 countries

31,176 
Comments6981 Studies

IPCC, 25 September 2019



• Ce que nous constatons, c'est que le changement climatique 
induit par l'homme a une empreinte majeure sur les systèmes 
dont nous dépendons - du sommet des montagnes au fond 
de l'océan. Ces changements se poursuivront pour les 
générations à venir.

© V Masson-Delmotte, 2019



Last documents in France…
© G Boeuf, 2017



N de Noblet, 2014



Une planète, deux scenarios

Nous agissons résolument: +2oC

Nous laissons faire: +4oC

18
50

21
00

20
20

L’avenir est 
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mains
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17,6 km et 12,2 m en altitude/10 ans,
54 études, 2 000 sp,  Science, Aug 2011,
C Thomas et al., 
Papillons en Europe, 200 km en 20 ans, 67 
m en altitude, 50 à 60 km et 100 m en 
altitude





Inside the ocean…
Nature Climate Change, E Poloczanska et al.,  Aug 2013, 
Here, we synthesized all available studies of the consistency of marine ecological observations with expectations
under climate change. This yielded a metadatabase of 1,735 marine biological responses for which either regional or
global climate change was considered as a driver. Of the species responding to climate change, rates of distribution
shifts were, on average, consistent with those required to track ocean surface temperature changes. Rates of
observed shifts in species distributions and phenology are comparable to, or greater, than those for terrestrial
systems.

208 studies, 857 marine sp, 42 years of watching, 72 km per 10 years (6 for land sp),
phytoplankton, 470 km per 10 years, 272 for fishes,
Biologiques cycles largely advanced, size and structure of populations…



Emerging risks, emerging diseases
All are anthropogenic!

Without forgotting the major one, powerty!

Emerging risks

q Age
q Sun
q Air pollution
q Pollutants
q Viral and bacterial disesses
q Immune risk
q Metabolic risk

Emerging diseases

q Diseases linked to age
q Skin cancers
q Diseases caused by « new » 

pollutants
q Some infectious diseases
q Auto immune diseases
q Metabolic diseases

© B Swynghedauw, 2015

One Health



To forecast at long 
term? 

Climate,
Access to water,
Spacial waste,
Nuclear waste,
Stockage of CO2,
Evolution of biodiversity,
What modes for governance? 

Population extinctions today are orders of magnitude more frequent
than species extinctions. Population extinctions, however, are a 
prelude to species extinctions, so Earth’s sixth mass extinction 
episode has proceeded further than most assume. The massive loss of 
populations is already damaging the services ecosystems provide to civilization
Ceballos et al, PNAS, 2017. 



Response of ecosystems to 
disturbances
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Security risks & hot spots caused by climate change

Degradation of 
Freshwater Resources

Increase of Storm and 
Flood Catastrophes

Decrease of 
Food Production

Migration

Hot Spot

WBGU 2007


