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Il y a un accroissement des maladies infectieuses au 
niveau mondial
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L’érosion de la biodiversité est massive
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A census of the biomass on Earth is key for understanding the
structure and dynamics of the biosphere. However, a global,
quantitative view of how the biomass of different taxa compare
with one another is still lacking. Here, we assemble the overall
biomass composition of the biosphere, establishing a census of the
≈550 gigatons of carbon (Gt C) of biomass distributed among all of
the kingdoms of life. We find that the kingdoms of life concentrate
at different locations on the planet; plants (≈450 Gt C, the domi-
nant kingdom) are primarily terrestrial, whereas animals (≈2 Gt C)
are mainly marine, and bacteria (≈70 Gt C) and archaea (≈7 Gt C)
are predominantly located in deep subsurface environments. We
show that terrestrial biomass is about two orders of magnitude
higher than marine biomass and estimate a total of ≈6 Gt C of
marine biota, doubling the previous estimated quantity. Our anal-
ysis reveals that the global marine biomass pyramid contains more
consumers than producers, thus increasing the scope of previous
observations on inverse food pyramids. Finally, we highlight that
the mass of humans is an order of magnitude higher than that of
all wild mammals combined and report the historical impact of
humanity on the global biomass of prominent taxa, including
mammals, fish, and plants.

ecology | biomass | biosphere | quantitative biology

One of the most fundamental efforts in biology is to describe
the composition of the living world. Centuries of research

have yielded an increasingly detailed picture of the species that
inhabit our planet and their respective roles in global ecosystems.
In describing a complex system like the biosphere, it is critical to
quantify the abundance of individual components of the system
(i.e., species, broader taxonomic groups). A quantitative de-
scription of the distribution of biomass is essential for taking
stock of biosequestered carbon (1) and modeling global bio-
geochemical cycles (2), as well as for understanding the historical
effects and future impacts of human activities.
Earlier efforts to estimate global biomass have mostly focused

on plants (3–5). In parallel, a dominant role for prokaryotic
biomass has been advocated in a landmark paper by Whitman
et al. (6) entitled “Prokaryotes: The unseen majority.” New
sampling and detection techniques (7, 8) make it possible to re-
visit this claim. Likewise, for other taxa, such as fish, recent global
sampling campaigns (9) have resulted in updated estimates, often
differing by an order of magnitude or more from previous esti-
mates. For groups such as arthropods, global estimates are still
lacking (10, 11).
All of the above efforts are each focused on a single taxon. We

are aware of only two attempts at a comprehensive accounting of
all biomass components on Earth: Whittaker and Likens (12)
made a remarkable effort in the early 1970s, noting even then that
their study was “intended for early obsolescence.” It did not in-
clude, for example, bacterial or fungal biomass. The other at-
tempt, by Smil (13), was included as a subsection of a book
intended for a broad readership. His work details characteristic
values for the biomass of various taxa in many environments. Fi-
nally, Wikipedia serves as a highly effective platform for making
accessible a range of estimates on various taxa (https://en.wikipedia.
org/wiki/Biomass_(ecology)#Global_biomass) but currently falls
short of a comprehensive or integrated view.

In the past decade, several major technological and scientific
advances have facilitated an improved quantitative account of
the biomass on Earth. Next-generation sequencing has enabled a
more detailed and cultivation-independent view of the compo-
sition of natural communities based on the relative abundance of
genomes (14). Better remote sensing tools enable us to probe the
environment on a global scale with unprecedented resolution
and specificity. The Tara Oceans expedition (15) is among recent
efforts at global sampling that are expanding our view and cov-
erage. Continental counterpart efforts, such as the National
Ecological Observatory Network in North America, add more
finely resolved, continent-specific details, affording us more ro-
bust descriptions of natural habitats.
Here, we either assemble or generate estimates of the biomass

for each of the major taxonomic groups that contribute to the
global biomass distribution. Our analysis (described in detail in SI
Appendix) is based on hundreds of studies, including recent studies
that have overturned earlier estimates for many taxa (e.g., fish,
subsurface prokaryotes, marine eukaryotes, soil fauna).

Results
The Biomass Distribution of the Biosphere by Kingdom. In Fig. 1 and
Table 1, we report our best estimates for the biomass of each
taxon analyzed. We use biomass as a measure of abundance,
which allows us to compare taxa whose members are of very
different sizes. Biomass is also a useful metric for quantifying
stocks of elements sequestered in living organisms. We report
biomass using the mass of carbon, as this measure is independent
of water content and has been used extensively in the literature
(6, 16, 17). Alternative measures for biomass, such as dry weight,
are discussed in Materials and Methods. For ease of discussion,
we report biomass in gigatons of carbon, with 1 Gt C = 1015 g of
carbon. We supply additional estimates for the number of indi-
viduals of different taxa in SI Appendix, Table S1.

Significance

The composition of the biosphere is a fundamental question in
biology, yet a global quantitative account of the biomass of
each taxon is still lacking. We assemble a census of the biomass
of all kingdoms of life. This analysis provides a holistic view of
the composition of the biosphere and allows us to observe
broad patterns over taxonomic categories, geographic loca-
tions, and trophic modes.

Author contributions: Y.M.B.-O., R.P., and R.M. designed research; Y.M.B.-O. and R.M.
performed research; Y.M.B.-O. and R.M. analyzed data; and Y.M.B.-O., R.P., and R.M.
wrote the paper.

The authors declare no conflict of interest.

This article is a PNAS Direct Submission.

This open access article is distributed under Creative Commons Attribution-NonCommercial-
NoDerivatives License 4.0 (CC BY-NC-ND).

Data deposition: All of the data used to generate our estimates, as well as the code used
for analysis, are available on GitHub at https://github.com/milo-lab/biomass_distribution.
1To whom correspondence should be addressed. Email: ron.milo@weizmann.ac.il.

This article contains supporting information online at www.pnas.org/lookup/suppl/doi:10.
1073/pnas.1711842115/-/DCSupplemental.

www.pnas.org/cgi/doi/10.1073/pnas.1711842115 PNAS Latest Articles | 1 of 6

SY
ST

EM
S
BI
O
LO

G
Y

La biomasse des mammifères sauvages est
passée de 40 millions de tonnes à 7 millions de
tonnes aujourd’hui.
Quant aux mammifères marins leur biomasse
est passée de 200 millions de tonnes à 4
millions de tonnes aujourd’hui.
La biomasse végétale totale aurait diminuée de
moitié depuis l’apparition de l’homme



Le danger infectieux est lié aux régions à forte 
biodiversité
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Ø le risque d’émergence de maladies est élevé dans les régions de forêts tropicales, 
présentant une diversité élevée de mammifères

Allen et al. 2017

Risque = danger x exposition x vulnérabilité



Corrélations entre changement environnementaux, perte 
de biodiversité et émergences infectieuses 
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• Facteurs écologiques : destruction et 
fragmentation des habitats, rupture 
des chaînes trophiques, pollutions, 
stress 

• Facteurs épidémiologiques : 
phénomènes de dilution et 
amplification associés à la 
perturbation et la réorganisation des 
communautés écologiques

• Facteurs adaptatifs : changements 
comportementaux (espèces 
sauvages synanthropiques : se 
rapprochant de l’humain) et 
évolutifs, par rupture des liens co-
évolutifs entre hôtes et pathogènes.

• Facteurs climatiques : impactent la 
transmission des pathogènes 
(reproduction ou survie des 
pathogènes ou de leurs hôtes).



L’érosion de la biodiversité favorise les émergences 
épidémiques
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Everard et al, 2020

Une biodiversité élevée 
protégera contre une 
épidémie/pandémie
mais beaucoup moins contre 
une émergence ; elle 
augmente le danger 
microbiologique, mais pas
obligatoirement le risque 
infectieux



Les activités humaines favorisent la multiplication des 
contacts entre les humains et la faune sauvage

8

JOURNÉE FRB – 3 NOVEMBRE 2020
Les aires protégées peuvent-elles sauver la biodiversité au XXIe siècle ?

Commerce 
mondial

Perte de diversité génétique / stress / densité

Destruction des milieux

Tourisme

Chasse / braconnage

Prélèvement de 
biomasse et d’eau

Ø Deux phénomènes
prinipaux : déforestation et 
commerce d’animaux
sauvages



Les activités humaines favorisent la multiplication des 
contacts entre les humains et la faune sauvage
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• Paludisme en Asie et en Amérique du sud: changement d'affectation des terres

• virus Nipah en Malaisie : intensification de l'agriculture (plantations)

• virus Ebola en Afrique centrale : chasse/déforestation

• virus Marburg en Afrique centrale : abattage d'animaux sauvages, changement 
d'affectation des terres et exploitation minière

• flavivirus tels que le Zika et la fièvre jaune en Amérique du Sud : changement 
d'affectation des terres, voyages et commerce

• dengue en Asie du Sud-Est  : urbanisation

• maladies à transmission vectorielle dans les latitudes septentrionales, telles que 

l'encéphalite à tiques  : changement climatique

• coronavirus SARS, MERS  : commerce des espèces sauvages, production et le commerce 
du bétail, et empiètement et/ou changement d'affectation des terres



Les activités humaines favorisent la multiplication des 
contacts entre les humains et la faune sauvage = viande de 

brousse
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Le lien, probablement sous-estimé, entre viande de brousse et maladies infectieuses 
émergentes a été établi dans de nombreux cas (HIV, Ebola, SRAS). 

L’accroissement du risque intervient par : 
- Le contact avec les animaux sauvages engendré par la chasse, la mise en captivité ou 

la préparation des carcasses.
- Les conditions de stress liées à la capture et détention des animaux 
- La structuration à grande échelle (grands marchés urbains ou commerce 

international)
- L’illégalité (qui ne favorise pas la formation aux règles d’hygiène)



Il y a plus de risques dans les paysages perturbés par 
l’homme
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Gibb et al. 2020, Nature



Il y a plus de risques dans les paysages perturbés par 
l’homme = déforestation
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Ø La fréquence du paludisme augmente dans les 
habitats dégradés par l’homme (Fornace et al., 
2019). 

Pillai et al., 2020

Malaisie                 Bangladesh               Inde
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Recent loss of closed forests is 
associated with Ebola virus disease 
outbreaks
Jesús Oliveroͷ, John E. Fa͸ǡ͹, Raimundo Realͷ, Ana L. Márquezͷ, Miguel A. Farfánͷ, J. Mario 
Vargasͷ, David Gaveau͹, Mohammad A. Salim͹, Douglas Parkͺ, Jamison Suterͻ, Shona Kingͺ, 
Siv Aina Leendertzͼǡͽ, Douglas Sheil  ; & Robert Nasi  ͹

Ebola virus disease (EVD) is a contagious, severe and often lethal form of hemorrhagic fever in humans. 
The association of EVD outbreaks with forest clearance has been suggested previously but many 
aspects remained uncharacterized. We used remote sensing techniques to investigate the association 
between deforestation in time and space, with EVD outbreaks in Central and West Africa. Favorability 
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of an EVD outbreak occurring in a site is linked to recent deforestation events, and that preventing the 
loss of forests could reduce the likelihood of future outbreaks.

Ebola virus disease (EVD) is a zoonosis that causes severe and often fatal haemorrhagic fever in humans1. EVD 
was first identified in Africa in 19762 and since then is estimated to have killed over 13,000 people3. Due to its 
associated high mortality and potential for contagion, EVD is viewed as a global threat4. EVD is propagated by a 
group of filovirus species of the genus Ebolavirus (hereafter Ebola virus)1, but despite advances in understanding 
this zoonotic disease, the factors that trigger and maintain outbreaks remain elusive5. Such uncertainties impede 
the more accurate and effective prediction of outbreaks that would facilitate improved response or prevention6. 
Human activities may have promoted direct or indirect contact between humans and an animal reservoir of the 
virus7. Some suggest that the loss of forest can facilitate the spread of the disease to non-forest areas8,9. The mech-
anism, although unknown, likely results from more frequent contact between infected wild animals and humans. 
The latest outbreak in Guinea has been linked to contact with a bat colony, an event that some have linked to 
forest loss10,11. However, the enabling role of forest loss in Ebola outbreaks seems hard to reconcile with the upper 
Guinea forests having been a dynamic mosaic of forest, savannah, and farmland for centuries, and that people 
in this region have been sympatric with bats, and other forest wildlife, throughout this history12. More generally, 
humans13 and great apes14 have lived in close proximity to bats for millennia, thus it may be simplistic to claim 
that forest loss was sufficient to cause the emergence of EVD and its repeated outbreaks.

Initial suggestions that deforestation increases zoonotic EVD outbreaks result from observations in seven 
West African EVD outbreak sites that revealed greater forest fragmentation in these locations than in their sur-
roundings15. Quantitative analysis of the nexus between deforestation and the emergence of Ebola virus dis-
ease has been recently undertaken by Rulli et al.16. Although this study showed that EVD outbreaks occurred 
mostly in hotspots of forest fragmentation, the spatio-temporal dynamics of this relationship was not considered. 
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Le développement des aires protégées contribue-t-il à 
limiter les zoonoses ?
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Les districts avec des proportions plus élevées de paysages anthropisés (agriculture 
intensive) présentent plus de risques de maladies vectorielles par rapport aux aires
protégées (données 2006 – 2017 / odds ratio >1). 

v maladie à virus Zika
v dengue
v leishmaniose 
v maladie de Chagas
v paludisme
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Terraube et Fernandez-Llamazares, 2020

Ø De nombreuses zones protégées sont confrontées à d'intenses pressions humaines 
(par exemple, la déforestation due à la chasse a un impact sur 20 % des zones 
protégées des forêts tropicales).

Ø Les grandes aires protégées bien financées et bien gérées peuvent servir de tampon 
contre l'émergence de nouvelles maladies infectieuses en évitant des changements 
drastiques dans l'abondance et la distribution des hôtes/réservoirs et en réduisant les 
taux de contact entre les humains, le bétail et la faune sauvage

Ø Les gestionnaires des aires protégées jouent un rôle essentiel pour mieux 
caractériser les filières du commerce des espèces sauvages, évaluer les conflits 
résultant des interdictions relatives aux espèces sauvages et promouvoir la 
concertation sur le terrain



Le développement des aires protégées contribue-t-il à un 
meilleur bien être humain ?
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En comparant les estimations de trois méthodes d’analyses, les auteurs concluent qu’un 
consensus pourrait se situer autour de 6 000 milliards de dollars/an, soit :
• ~8% du PIB mondial (~74 000 milliards de dollars US en 2017)
• ~4% des services écosystémiques directs, (~150 000 milliards de dollars US en 2018). 
• 6 fois la valeur économique mondiale du tourisme de plein air (~1 000 milliards de 

dollars US par an, dont 6 00 millions de dollars US par an pour les visites des zones 
protégées). 

Nature, 2019
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Cazalis, Loreau et 
Hendersen, sept 2018

•Deux scénarios de déclin de la population : 
• production alimentaire forte au détriment des services de régulation tels que la qualité de l’air et de l’eau, 

pollinisation ou la régulation des maladies =>augmentation du taux de mortalité et de la dégradation de la 
nature 

• surexploitation des terres => diminution de la production alimentaire ou baisse de l’efficacité de la 
production alimentaire qui ne couvre plus les besoins de la population

•Un état de famine stable où la population continue de croître mais où les ressources manquent
•Un futur souhaitable en cas de compromis entre la conversion des terres pour nourrir toute la population et la 
conservation de la biodiversité et des services écosystémiques avec 10 milliards d’humains et 40% d’aires protégées
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Mesures 
sanitaires

Restauration 
écologique

Aménagement 
du territoire

Acteurs 
socio-

économiq
ues

GT1

Introduire la 
santé publique 
comme enjeu 
des politiques de 
conservation Introduire la 

conservation comme 
comme enjeu des 
politiques de santé 
publiques


