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La biodiversité



1 – la biodiversité

est invisible





Merci à Pierre-Henri Gouyon







Algues unicellulaires





Sol



Dans 1 g de sol de chez nous…

  un million de bactéries, des milliers d’espèces

  plus de mille espèces de champignons

  



- Champignons   6-10 millions d’esp.

- Bactéries    10-100 millions d’esp. 

- Amibes    100 000 esp.

- Algues unicel.   million d’esp.

- Virus     milliards (?) d’esp.





Deux humains ont 99,9% de leurs gènes en commun



Deux humains ont 99,9% de leurs gènes en commun

Deux bactéries de même espèce… plus de 70%





2 – la biodiversité

est un mécanisme



La liste des courses



Lamarck



Darwin:

Variation  Tri 

   (sélection)    



Pois         Gregor Mendel



Théorie synthétique de l’Evolution :

Variation     Tri         Biodiversité

    (sélection)

Recombinaison génétique

& mutation



Oenothères       Hugo de Vries
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    (sélection)

Recombinaison génétique

& mutation



Théorie synthétique de l’Evolution :
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    (sélection

   et dérive)

Recombinaison génétique

& mutation



Théorie synthétique de l’Evolution :

Variation     Tri         Biodiversité

    (sélection

   et dérive)

MORTS        SURVIVANTS



Théorie synthétique de l’Evolution :

 Question de balance…

MORTS        SURVIVANTS



Théorie synthétique de l’Evolution :

 Question de balance…

   extinction ou radiation

MORTS        SURVIVANTS



Au moins

cinq

extinctions

déjà !



3 – biodiversité

en crise ?



Au moins

cinq

extinctions

déjà !



Crétacé-Trias

60 millions 

d’années

Au moins

cinq

extinctions

déjà !





Le carbonifère (300 millions d’années)





Intergovernmental Science-Policy Platform on 

Biodiversity and Ecosystem Services (IPBES) 



7% des mollusques et 5% des oiseaux et 

mammifères du monde déjà disparus

33% des espèces de vertébrés en danger 

d’extinction d’ici 2040; 42% des 454 espèces 

d’arbres en danger d’extinction en Europe



Vitesse d’extinction accrue de 5 à 10 000 fois 

pour les animaux et 500 fois pour les plantes

Environ 100-1000 fois plus rapide que les 

extinctions en masse précédentes



- 80% des insectes européens ont 

disparu en 30 ans

- 30% des oiseaux européens ont 

disparu en 15 ans

- 70% des vertébrés ont disparu en 

50 ans sur le Globe



- Perte de diversité quand les 

effectifs s’écroulent



- Perte de diversité quand les 

effectifs s’écroulent

- Perte d’adaptabilité / résilience :

- moins d’individus adaptés

- moins de mutations possibles



Cinq causes majeures

- 30% conversion des milieux : forêts tropicales -10 
millions ha/an ; 75% des zones humides disparues

- 25% surexploitation : bois, +40% en 40 ans ; 33% 
stocks de poissons en surpêche

- 14% pollution : pesticides x2 en 30 ans (+ toxiques) ; 
plastique : x10 en 40 ans

- 14% changement climatique : réchauffement global 
et aléas en augmentation

- 11% espèces envahissantes : +70% en 50 ans



Théorie synthétique de l’Evolution :

Variation     Tri         Biodiversité

    (sélection

   et dérive)

Mutation

  & recombinaison génétique

MORTS        SURVIVANTS



Pollutions



Sur-exploitation



Théorie synthétique de l’Evolution :

Variation     Tri         Biodiversité

    (sélection)

Recombinaison génétique

& mutation



Faut-il être inquiet 

dès lors ? 





Irréversibilité



Faut-il être inquiet 

dès lors ? 



4 - la biodiversité

fonctionnelle



Dans 1 g de sol de chez nous…

  un million de bactéries, des milliers d’espèces

  plus de mille espèces de champignons

  

Dans 1 g de sol de chez nous…



Dans 1 g de sol de chez nous…

   Décomposition et recyclage de N, P, S, C

   



Dans 1 g de sol de chez nous…

   Décomposition et recyclage de N, P, S, C

   Captation de l’azote atmosphérique

   



Dans 1 g de sol de chez nous…

   Décomposition et recyclage de N, P, S, C

   Captation de l’azote atmosphérique

   Dissolution lente des roches

   



Dans 1 g de sol de chez nous…

   Décomposition et recyclage de N, P, S, C

   Captation de l’azote atmosphérique

   Dissolution lente des roches

   Pénétration et rétention transitoire de l’eau

   



Dans 1 g de sol de chez nous…

   Décomposition et recyclage de N, P, S, C

   Captation de l’azote atmosphérique

   Dissolution lente des roches

   Pénétration et rétention transitoire de l’eau

   Climat : stockage C

   



Dans 1 g de sol de chez nous…

   Décomposition et recyclage de N, P, S, C

   Captation de l’azote atmosphérique

   Dissolution lente des roches

   Pénétration et rétention transitoire de l’eau

   Climat : stockage C

   > Nutrition et désaltération de l’humanité



SERVICES ECOSYSTEMIQUES
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β-diversity

A measure of diversity that 

describes the differences 

between any two ecosystems 

(for example, the UniFrac 

distance metric). Related to 

α-diversity and γ-diversity, 

which are measures of the 

diversity in a single ecosystem 

and across a group of 

ecosystems, respectively.

UniFrac

A β-diversity measure that is 

phylogeny based. Microbial 

communities are more similar if 

they are composed of members 

that are more closely related, 

phylogenetically, as this implies 

a shared evolutionary past. 

UniFrac units range from 0 

(identical communities) to 1 

(totally different communities).

mice can been reduced by exposure to the microbiota 

from NOD mice lacking myeloid differentiation primary 

response protein 88 (MYD88)22. In humans, anecdotal 

evidence suggests that specific microbiota can effec-

tively treat IBD, and microbial transplantation of whole 

microbial communities is sometimes used as therapy 

in pseudomembranous and ulcerative colitis, chronic 

constipation, Crohn’s disease and Clostridium difficile- 

associated diarrhoea23,24. In a recent case study of 

Clostridium difficile-associated colitis, the amelioration 

of symptoms was associated with the persistence of the 

transplanted healthy community in the patient25.

Together, these recent studies suggest that a specific 

combination of microorganisms in the gut can affect 

host health; therefore, host control over the microbiota 

could help maximize fitness. Biogeographical patterns of 

diversity in a single host show that the physiochemical 

properties of the human gut habitat are very important 

selection pressures for its microbial constituents (FIG. 1). 

Variations in those host genes that contribute to proper-

ties of the gut habitat therefore have strong potential to 

affect the variation in the microbiome. Evidence to sup-

port a contribution of host genetics to the diversity of the 

microbial community has been scarce, so the strength 

of the effect is controversial. However, an increasing 

number of studies are now evaluating this effect, and the 

analysis of host genetics is just beginning to be incorpo-

rated into studies of how the diversity of the gut bacteria 

relates to host susceptibility to disease.

In this Review, we describe how environmental fac-

tors can contribute to variation in the diversity and com-

position of the microbiota, and we explore the role of 

host genes in this process. We also highlight an emerg-

ing view of the microbiota: one in which the microbiota 

itself may be considered as a complex trait that is under 

host genetic control and that interacts with environmental 

and host factors in a number of chronic inflammatory 

diseases.

Environmental impact on the microbiota

To measure the impact of host genetics on microbial 

diversity, it is useful to have an understanding of the 

factors that can influence variation in the microbiota in 

the absence of host genetic variation, as these environ-

mental factors constitute the ‘noise’ that can mask host 

genetic effects. Model organisms provide a system for 

controlling variation between identical hosts: genetically 

inbred animals act as replicate hosts, allowing the impact 

of environmental factors on the variation in the micro-

biota to be assessed. Mice are useful models for studies of 

human microbial ecology because the intestines of mice 

harbour communities that are grossly similar in com-

position (that is, have similar phylum and family level 

abundances) to those of human intestines, diverging 

mainly at the genus level (BOX 1). Husbandry conditions 

can be standardized across mice, and experiments can 

incorporate full factorial designs for testing the effects of 

various parameters on microbial diversity.

‘Stochastic variability’ of the microbiome. One of the 

earliest factors that can have a profound influence on 

the microbiota composition is the maternal environ-

ment (BOX 2). Several studies have shown that genetically 

identical mice from the same litters have a more similar 

microbiota than mice from different litters, even though 

they may be reared in adjacent cages22,26,27. This ‘maternal 

effect’ occurs when mouse pups are born vaginally and 

the birth mother’s microbiota is their primary inocu-

lum. Maternal effects can influence bacterial β-diversity28 

(measured by UniFrac) regardless of host genotype22,27, as 

well as affecting the relative abundances of phylotypes26. 

The maternal effect has been documented across two27 

and as far out as four generations26. As a consequence, 

the maternal effect can be a major confounding factor 

when comparing the microbiota of mice with different 

genotypes or under different treatments.

But, despite shared environments and parental inoc-

ula, substantial differences in community composition 

and structure can exist between littermates reared in the 

same cage. Although many bacterial phylotypes can be 

Figure 1 | Microbial community composition at different body locations in a 

healthy human. The relative abundances of the six dominant bacterial phyla in each  

of the different body sites: the external auditory canal (nine subjects), the hair on the 

head (nine subjects), the mouth (ten subjects), the oesophagus (four subjects), the 

gastrointestinal tract (nine subjects), the vagina (eight subjects), the penis (12 subjects), 

the skin (nine subjects) and the nostril (nine subjects). Data taken from REFS 93–97 . 
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describes the differences 
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(for example, the UniFrac 

distance metric). Related to 

α-diversity and γ-diversity, 
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diversity in a single ecosystem 

and across a group of 

ecosystems, respectively.
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A β-diversity measure that is 

phylogeny based. Microbial 

communities are more similar if 

they are composed of members 

that are more closely related, 

phylogenetically, as this implies 

a shared evolutionary past. 

UniFrac units range from 0 

(identical communities) to 1 

(totally different communities).

mice can been reduced by exposure to the microbiota 

from NOD mice lacking myeloid differentiation primary 

response protein 88 (MYD88)22. In humans, anecdotal 

evidence suggests that specific microbiota can effec-

tively treat IBD, and microbial transplantation of whole 

microbial communities is sometimes used as therapy 

in pseudomembranous and ulcerative colitis, chronic 

constipation, Crohn’s disease and Clostridium difficile- 

associated diarrhoea23,24. In a recent case study of 

Clostridium difficile-associated colitis, the amelioration 

of symptoms was associated with the persistence of the 

transplanted healthy community in the patient25.

Together, these recent studies suggest that a specific 

combination of microorganisms in the gut can affect 

host health; therefore, host control over the microbiota 

could help maximize fitness. Biogeographical patterns of 

diversity in a single host show that the physiochemical 

properties of the human gut habitat are very important 

selection pressures for its microbial constituents (FIG. 1). 

Variations in those host genes that contribute to proper-

ties of the gut habitat therefore have strong potential to 

affect the variation in the microbiome. Evidence to sup-

port a contribution of host genetics to the diversity of the 

microbial community has been scarce, so the strength 

of the effect is controversial. However, an increasing 

number of studies are now evaluating this effect, and the 

analysis of host genetics is just beginning to be incorpo-

rated into studies of how the diversity of the gut bacteria 

relates to host susceptibility to disease.

In this Review, we describe how environmental fac-

tors can contribute to variation in the diversity and com-

position of the microbiota, and we explore the role of 

host genes in this process. We also highlight an emerg-

ing view of the microbiota: one in which the microbiota 

itself may be considered as a complex trait that is under 

host genetic control and that interacts with environmental 

and host factors in a number of chronic inflammatory 

diseases.

Environmental impact on the microbiota

To measure the impact of host genetics on microbial 

diversity, it is useful to have an understanding of the 

factors that can influence variation in the microbiota in 

the absence of host genetic variation, as these environ-

mental factors constitute the ‘noise’ that can mask host 

genetic effects. Model organisms provide a system for 

controlling variation between identical hosts: genetically 

inbred animals act as replicate hosts, allowing the impact 

of environmental factors on the variation in the micro-

biota to be assessed. Mice are useful models for studies of 

human microbial ecology because the intestines of mice 

harbour communities that are grossly similar in com-

position (that is, have similar phylum and family level 

abundances) to those of human intestines, diverging 

mainly at the genus level (BOX 1). Husbandry conditions 

can be standardized across mice, and experiments can 

incorporate full factorial designs for testing the effects of 

various parameters on microbial diversity.

‘Stochastic variability’ of the microbiome. One of the 

earliest factors that can have a profound influence on 

the microbiota composition is the maternal environ-

ment (BOX 2). Several studies have shown that genetically 

identical mice from the same litters have a more similar 

microbiota than mice from different litters, even though 

they may be reared in adjacent cages22,26,27. This ‘maternal 

effect’ occurs when mouse pups are born vaginally and 

the birth mother’s microbiota is their primary inocu-

lum. Maternal effects can influence bacterial β-diversity28 

(measured by UniFrac) regardless of host genotype22,27, as 

well as affecting the relative abundances of phylotypes26. 

The maternal effect has been documented across two27 

and as far out as four generations26. As a consequence, 

the maternal effect can be a major confounding factor 

when comparing the microbiota of mice with different 

genotypes or under different treatments.

But, despite shared environments and parental inoc-

ula, substantial differences in community composition 

and structure can exist between littermates reared in the 

same cage. Although many bacterial phylotypes can be 

Figure 1 | Microbial community composition at different body locations in a 

healthy human. The relative abundances of the six dominant bacterial phyla in each  

of the different body sites: the external auditory canal (nine subjects), the hair on the 

head (nine subjects), the mouth (ten subjects), the oesophagus (four subjects), the 

gastrointestinal tract (nine subjects), the vagina (eight subjects), the penis (12 subjects), 

the skin (nine subjects) and the nostril (nine subjects). Data taken from REFS 93–97 . 
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from NOD mice lacking myeloid differentiation primary 

response protein 88 (MYD88)22. In humans, anecdotal 

evidence suggests that specific microbiota can effec-
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microbial communities is sometimes used as therapy 

in pseudomembranous and ulcerative colitis, chronic 

constipation, Crohn’s disease and Clostridium difficile- 

associated diarrhoea23,24. In a recent case study of 

Clostridium difficile-associated colitis, the amelioration 

of symptoms was associated with the persistence of the 

transplanted healthy community in the patient25.

Together, these recent studies suggest that a specific 

combination of microorganisms in the gut can affect 

host health; therefore, host control over the microbiota 

could help maximize fitness. Biogeographical patterns of 

diversity in a single host show that the physiochemical 

properties of the human gut habitat are very important 

selection pressures for its microbial constituents (FIG. 1). 
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number of studies are now evaluating this effect, and the 
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host genes in this process. We also highlight an emerg-

ing view of the microbiota: one in which the microbiota 

itself may be considered as a complex trait that is under 

host genetic control and that interacts with environmental 

and host factors in a number of chronic inflammatory 
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To measure the impact of host genetics on microbial 
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mental factors constitute the ‘noise’ that can mask host 

genetic effects. Model organisms provide a system for 

controlling variation between identical hosts: genetically 

inbred animals act as replicate hosts, allowing the impact 
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biota to be assessed. Mice are useful models for studies of 
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can be standardized across mice, and experiments can 
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earliest factors that can have a profound influence on 
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identical mice from the same litters have a more similar 

microbiota than mice from different litters, even though 

they may be reared in adjacent cages22,26,27. This ‘maternal 

effect’ occurs when mouse pups are born vaginally and 

the birth mother’s microbiota is their primary inocu-

lum. Maternal effects can influence bacterial β-diversity28 

(measured by UniFrac) regardless of host genotype22,27, as 

well as affecting the relative abundances of phylotypes26. 

The maternal effect has been documented across two27 

and as far out as four generations26. As a consequence, 

the maternal effect can be a major confounding factor 

when comparing the microbiota of mice with different 

genotypes or under different treatments.

But, despite shared environments and parental inoc-

ula, substantial differences in community composition 

and structure can exist between littermates reared in the 

same cage. Although many bacterial phylotypes can be 
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D’après J.-F. Bach
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25% des occidentaux 

souffrent d’une des 

maladies « de la 

modernité » en 2025
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MICROBIOTE ET SANTE

1/88 naissance aux USA ; 1/150 en Europe. La 

meilleure détection explique 25% de la hausse 

Une expo-

nentielle

aux USA

1975                                                               2012
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Résultat de recherche d'images pour "fibres alimentaires"

PREBIOTIQUES

MICROBIOTE ET SANTE
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5 - la biodiversité 

comme outil



15% des terres et 10% des eaux territoriales sont 

couvertes par des aires protégées (mais des zones-

clés non couvertes et des législations branlantes)

Viser 30% de la surface pour préserver l’héritage



Le Parc National Suisse (1917)
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La diversité génétique protège 
des épidémies

De Vallavieille-Pope et al. 2014

La diversité génétique 

pour freiner les maladies
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La diversité génétique protège 
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Peupliers – céréales sur 14 ans



D’après HiSafe + Cosme et al., 2015

In Rebulard, 2018, Le Défi alimentaire

Des feuilles à différentes périodes
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MELANGEES 



CULTURES 

MELANGEES 

Bioagresseurs - 43%

Autant en 1 ha que

sur 1,3 ha si 

cultures séparées

Revenu agricole x1,3

Rendement énergie x1,4



HAIES



Préservation de la biodiversité

Contrôle des bioagresseurs + 84%
 

Auxiliaires de pollinisation

Limitation de l’érosion

Limitation du dessèchement / vent

Stockage de carbone

Infiltration de l’eau

Paysagers

Production: fruits, bois, paillages…

HAIES









NATURE EN VILLE :

Isolation thermique, 

particulaire & phonique

Sol éponge (contre les 

inondations)

Îlots de fraicheur

Un peu de nourriture 

Biodiversité 

Bien-être





Pas d’exotiques…  



Enfants de 3–5 ans qui jouent 2 x par jour 30 

min dans du sable pendant 14 jours 

(2 groupes de 13 enfants). 

"Intervention group", sable mêlé de sol 

naturellement riche en microbes.

"Placebo group", sol semblable mais avec 

tourbe stérile, sans microbe.



Firmicutes Clostrida

Bacilli Thermoactino.

Colonisation du microbiote de la peau

Sable :

avec 

microbes

sans 

microbe



Mesures de deux interleukines, pg.ml-1

au jour 14

Meilleur

équilibre

IL10/IL17

Sable :

avec 

microbes

sans 

microbe



Progrès sur 12 mois 

de la mémoire pour 

les 30% d’enfant 

les plus en contact et

les 30% d’enfants 

les moins en contact

avec les espaces verts

2600 enfants scolarisés 

à Barcelone









La biologie 

n’est une 

fatalité que 

si on 

l’ignore

Jerome H. Barkow, anthropologue canadien



Suivez-moi !

sur LinkedIn 

&

 

via ma page 

Facebook 





https://www.biogee.org/
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