Water, a key molecule for Life
Water in Biodiversity
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< 0.3 million of marine species

It is the living part of
™ Nature, the living in its
© GBoeuf, 2009 diversity and complexity

Ministere de I'Ecologie, de I'Energie, du Développement durable et de la Mer,
en charge des Technologies vertes et des Négociations sur le climat
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Blue Planet

Seas and oceans cover more
than 71 % of the"Earth surface,
the blue planet, 99 % in wolume,

Life emerged in the « ancestral
Ocean p,

Salted/water characteristics are
very specific,

12 animal phyla (on 31) are on
marine, 13 % of the known
species, but 10 % of the living
carbon biomass are due to
bacteria of the subsurface laye
>50 % for phytoplankton
productivity!

235 000 species whse 93000 for coral reefs



Origin and evolution of Life

Protocells emergence °
RNA world
Cyanobacteria 3.5-BY ago

Critical events for the future occured in
the ocean: development of the ]
« » (metazoans), captute of micro®
organisms/ by cells which became afterwardsf;

plastid, 4
Later on, (1 5 By) also developped in the * :
ocean. Prokaryotlcs—Eukaryotlcs 2 ZP”B 3

Protozoans-metazoans, 2.1 BY
Organelles, 2100 (M) et 1500 (Pl) MY

El Albani et al., 2010
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Rhynia major (1) et Asteroxylon mackiei (2)

des étranges plantes
fossiles de Rhynie (x 1/3 environ).
La flore dévonienne ne comptalt cependant pas
que des Psilophytes, elle comprenait notamment
des Ly des fougéres et des sortes
de préles. Vers la fin de cette période,
s dressalent déja de véritables foréts ou
poussaient des arbres tels que
‘ce Pseudosporochnus (3) dont la taille
approchait 2 m.
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« hot spots »

| Zones i la biodiversité exceptionnelle || 12 pays "Mégadivers” (s abriteraient + 70% de la diversité biologique de la planéte)

50 % of sp on 7 % of the emerged lands, about 90 % on 10 % Dubois. 2004
Biological diversity is very unequally distributed: 14 biomes used. There might

be up te 14 M species on Earth-(Gaston & Spicer 1998. Biodiversity, an introduction)




Naegleria fowleri Giardia spp.

‘ .0000

Cryptosporidium parviin

P Lebaron,, Lab Arago, Banyuls 2002

o ’
Legionella pnewmophila Escherichia‘coli Virus et bactéries

’ - " . . Eau de mer naturelie
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« ...Most organisms smaller than 1 M occur worldwide wherever their required habitats are realised. This is a consequence of
_ubiquitous dispersal driven by huge population sizes . Metapopulations of microbial eukaryotes are cosmopolitan...” Finlay & Fenchel
2004. “...Current evidence confirms that, as proposed by the Baas-Becking hypothesis, ‘the environment selects’ and is, in part, responsible for

spatial variation in microbial diversity. However, recent studies alse dispute the idea that ‘everything is everywhere’ ... ». .Martiny et al., 2006.
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Water is essen




H" 4.1 Proportions of body solids, and the

.-'lld.iﬂtribution of body water, in various fluid

_f%mrtmems for a range of animal taxa.
Pted from Withers 1992.)
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Water, the universal biological solvent




The open Ocean...

Anions gkg' SW  Cations

Gl 18.98 Na” 10.56
-S04~ 2.65 Mg** 1.27
HCO5 0.14 Ca™* 0.40
Br 0.06 K e
> 09 0/, - F 0.001 Sie 0.01

H;BO> 0.03 Tchernia, 1969



The coastal Sea
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mans localised on the sea shore!




ish waters

Isotony with thé « Milieu intérienr » ?
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COs
CO*
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Si0,
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35.15 %
20.39

=1.2:14

'5.79
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Cr 15.68
Mg 3.41
(Fe, Al), O5 2.75

S LR 212

NOy’ 0.90

Tchernia, 1969



Osmosis

Etat initial Etat final

/ - solvant

membrane semi-perméable produits dissous

De H. Illewaert, 2011



© Lab Arago, J Lecomte

Life in aquatic environments

1yomogenous medium, far
coast, fixed composition,

ird dimension, crucial, from the surface till
the bottom, pelagos and benthos

e VISCOUS and very dense medlum

e Only one ocean?.

© GBoeuf, 2011



Composition depending on groups

Habitat Osmolarity Na™ , K’ “-" Mg_,' C “ . «Ch

| ) mOsm.I™! mMol! ' m ) mM-0 nMol™
Jellyfish SW 1000 460 , ,,10 .~y 51 '.‘u - 10 ’

Aurelia ,"}: g

Annelid ~ SW 1000 459 210

Arenicola >

Mollusc FW 40 16 )

Anodonta .

Mollusc SW 1000 492 10

Aplysia s

Crustacea FW 310 146 4

crayfish

Crustacea SW 1000 472 4

lobster ) ) - v
Insect ~temestrial 325 162 8 6 4. 144 ﬂ
cockroach }L% Y

Copyright 1998 WBM Enterprises



Composition depending on groups

Cyclostbme
myxine |
Cyclostome
lamprey
Chondrichthian
shark
Teleost
goldfish
Teleost
flounder
Amphibian
frog

Reptile
alligator
Bird

duck

Mammal
human

Habitat

SW

FW

SW

FW

SW

FW

FW

terrestrial

terrestrial

Osmolarity Na’ K" Mg®" Ca*" CI
mosM. 1! mMol.l! mMol.l! mM mMol.l
1
o n »
1002 . 554 L A 23 9 532
» .

248 MEliess T80 73 2 2 96

258
376 urea

294

302 142 - 2 5 104



Osmoregulation model in the Sea

OP 1100
Na 470 OP 1100
+ K11 Na 470 ECF
Cl 560 K11
Ca 10 Cl 560
Ca 10
Ca 2+
OP 1100
Na 70
K 200cell
Cl 100
Ca <1
Mg 2+ Ca 2+

Willmer ez al., 2000



Salinity factor: aquatic
organisms response

Body
osmjolarity #"

10001

600 F 1y per-

osmoregula

e Hypo- Medium
osmoregulators osmolarity

200 600 1000 mOsm.]1-!




On the way of anisosmotic extracellular
regulation...
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only for-two group

Life emerged from-water accidentally,

But it is not accidentally if, at the beginning, only.two groups, arthropods and
vertebrates, were able to do'it!

The physical and chemical characteristics of water‘played a critical role in the
establishment of life on Earth. All the crucial steps ofilite occur in water. Species
developed first some simple answers, where organisms had the same composition
as salted water. Then, some more elaborated strategies emerged, in order to survive
in a more diverse set of osmotic conditions. Osmotic parameters constitute in the
ocean the main environmental factor that limits the geographic distribution of animal
species. Geographic dispersion, along with genetic isolation, are key components
involved in speciation. If vertebrates and arthropods hadn’ tcompeted developing
strategies to regulate their extra cellular compartments — in order to colonies new
and hostile terrestrial ecosystems while getting out of the oceans, a totally different
set of organisms would have succeeded, and invaded some empty niches. The
current profile of living organism would be completely different. Eckert, 19909.




Log evaporation speed (% body mass)

Dehydration speeds

flee, 020004 ¢ Eckert, 1999

3 890 %
Eveéry hour in desert
fly, 0.022 g conditions
235 %
2
cricket, 1 g beetle, 15 g
63 % 25.1 %
rabbit, 2 kg
Il .. - . - 4.77 %
First cause of infantil mortality
an, 70 kg
1.47
| | | | | | |
! =2 0 4

Lo% body-mass(g)



Exchanges animal-medium
Water balanced Boeuf, 2011

water

salts

1S0-osmotic Seawater hypo osmotic

Sl animal 1050 mOsm.l"!
but no iso-ionic

salts

Water . drinking
evaporation ]
Freshwater Terrestrial
hyper osmotic Salts
animal urine (food)
¥
Water
Water only inside N
salts urine, s (drinking)




Gill structure




OSMOREGULATION DE LA TRUITE EN EAU DOUCE

PASSAGE POSSIBLE (MUCUS EAU DOUCE 0%o
o ¢ ’ (DE 0 2 20mOsm I'")

LE POISSON
NE BOIT PAS

= e

=300 m Osm.|l"'
(== 9 %)
ACTIVE LE PEU D’EAU INGEREE
DE SELS (Na*etCl 7) AVEC LES ALIMENTS
EAU EST REJETEE
(FLUX PHYSIQUE) URINE TRES ABONDANTE,
TRES DILUEE, (SELS CONSERVES)
TRUITE : 0,344 ml.h"*.100g Pv Til] 1 Source : BOEUF, 1967 )

. OSMOREGULATION DE LA TRUITE EN EAU DE MER
Mlgrator perfOrmanCG AUCUN PASSAGE POSSIBLE (ou»?} INTEGRITE DES ECAILLES) ¢ op i

(Boeuf, 1987)

INTESTN __ . -

I'eau passe dans le sang s~
=300 m Osm.|"' \
(=9 %)

EXCRETION ACTIVE
DE SELS (Na*, CI-, NH,*-) CONCENTREE
EAU
(FLUX PHYSIQUE)

TRUITE : 0,035 ml.h"'.100g Pv



m /5 % in new-born child, 70 % 5 years child , 55 % old
people, the total inside watet of the humans: 273 km?,

m 10-15 % water loss, dehydration and death, 1 month
without eating, only a few 2-4 days without drinking,

m 25 | ingested per day: 1.5 1 drinking; 1 1 eating,

2.5 1losses: 1 L urine, 0.1 | stools, transpiration 0.5 to 1
I, respiration 0.5 [; for the whole life 75 m°.



g J7\ look at marine life
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Mediums (

- Mi(ieu intérieur

m Sea Water open

human ocean
m osmolarity, 302 mOsm.I = osmolarity, 1050
m 100-105 mM CI- mOsm. |1
s 138-142 mM Na* m 560 mM CI
m 3-5 mM K* m 450 mM Na*
m Kidney cell and fluid = 11 mM K*
3000 mOsm. |1 m «extreme» * 2500
mOsm.|1

1/3 SW = physiological serum



The ‘fishing
down’ effect is
ubiquitous.

Threatened Biodiversity |

extirpation of
marine
megafauna
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Figure 14

Figure 16
Variations du niveau global
del 'S
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4-Climatic Change



. Dbiodiversité

Quelle
gouvernance

Du 10 au 12 mai 2010 2o

Chamonix-Mont-Blanc p our I'e u SS l [ )

Présent
our
‘avenir

REPUBLIQUE FRANGAISE

MONT - BLANC



After eight years of « efforts »?

Index ——

B Pressure

C Response

1.1 2.0 Ecological Footprint 100.0 Sustainably managed
1.0 WBI 1.8 50.0 forest extent
0.9 e 20.0
0.8 wesi 4] 100
12 5.0 | protected areas
0.7 2.0 - extent
: LPI . IBA/AZE area
1.0 1.0 protected
0.6 0.5
T T T T T T T T T T T T T T
1.004 Ry 1.5 - Nitrogen deposition 100.0 -{ IAS policy adoption:
1.4 50.0 National
0.98
1.3 20.0 -
0.96 1.2 10.0 | onal
0.94 1.1 5.0 Internationa
2.0
.92 — 1.0
0.92 0 1.0
0.90 0.9 0.5
T T T T T T T T T T T T T T
Marine Trophic Index 2.0 - Alien species 1.4 - Biodiversity aid
1.04 1.8
. 1.3
1.02 15 n 1.2
1.00 1'2 1.1 /
0.98 | ’ 1.0+
0.96 1.0
0.9
T T T T T T T T T T T T
D Benefits
1.1 Extent of: 1.5 Proportion of fish stocks 1.3 - LPI for utilized species
1.0 forest 1.4 | overexploited 1.2
o seagrass 3] U
0.8 gress 12 1.0 /-/\"—\\
mangrove 1.1
0.7 0.9
Coral reef e
06 condition 0.9 0.8
0.5 - 0.8 - 0.7
T T T T T T T T T T T T T T
Internationally
1.10 - Water Quality Index 1.4 Climatic Impact Indicator 1.00 - RLI for: w
1.05 1.2 0.98
0.96
1.00 1.0 Food and medicine species
e 0.94
0.95 ’ 0.92
0.90 0.6 0.90
| T T T T | T T T T T T T T
1970 1980 1990 2000 2010 1970 1980 1990 2000 2010 1970 1980 1990 2000 2010

Year ——

Butchart e al., Science, 2010

Indicators trends for: A'the state of
biodiversity, B pressures upon it,
Ciresponses to address its loss,

D the benefits human derive from it.

Barnosky et al., Nature, 2011

Critically
extinct endangered # Threatened
1,000,000 ~
Cretaceous
100,000 =
10,000 ~
1,000 e e &
5 s e om an e - o)
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B Tnassic l
1 —
1
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Devonian
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Extinction magnitude (percentage of species)



Water

The Forgotten Biological Molecule

Edited by
Denis Le Bihan

NeuroSpin, France

Hidenao Fukuyama
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Is the human able to
adapt-to himself?

Meeting MNHN, 29-30 October 2010 ~ MNHN Symposium, 29-30 Oct 2010
Fondation/des Treilles, 8-11 November 2011
Symposiym MNHN, January 2013

AUX ORIGINES DE

LENVIRONNEMENT

- T BEd o
I

Pretace de Hubert Reeves
Postface de Nicolas Hulot

4 il

© Fayard, October 2010

canal-insep.ir




CITOYENS DE LATERRE
Conférence de Paris

ir une gouvernance
écologigue mond

2 — 3 février 2007

Reduce pollution and preserve public health
Make water a shared stake

Invent ecological growth: change ways
=1 o) 1 15Y of thinking, production, and consumption

for UNEP

”,I

Enhance the international governance for the
environment

©GBoeuf, 2010




Water reserves

« Among all the csfS of social or natural origins to whem
human is confronted, water crisis is at.the heart of out survival

and survival of our Planet Earth » has'said the General D1rector
of the UNESCO Koichito Matsuufa in 2003 ol

Groendla Canada Norvége Russie Australie USA Hollande  France Japon Allemagn Israel Koweit

110768 94300 85500 31000 25708 7407 5700 3400 3383 1878 276 10
M?3/hab/

an




ry of life was when the first
appened quite recently on a

m > 50% of the'drinkible water resources of the planet Earth are used
only by humans. What about tomorrow? Wars for water ?

Thank you for your attention!



