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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
biom ass com position of the bicsphere, 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 ki of life

In the past decade, several major technological and scientific
advances have facilitated an improved quantitative aceount of
the biomass on Earth. Next-generation sequencing has enabled a
mare detailed and cultivation-independent view of the compo-
sition of natural communities hased on the relative abundance of
nomes (14). Better remote sensing tools enable us to probe the

at different locations on the planet; plants (=450 Gt C the domi-
nant kingdom} are primarily terrestrial, whereas animals (=2 Gt €}
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 | bicsphere | quantitative biology

Onc of the most fundamental efforts in biology is to deseri
the composition of the Iving world. Centuries of
have yielded an increasingly detailed picture of the spee
inhahit our planet and their respective roles in glohal ecos
In deseribing a complex system like the bicsphere, it is er
quantify the abundance of individual components of the sys
(Le., species, broader taxonomic groups). A qmnllllllw de-
seription of the distribution of biomass is essential for taking
stock of hiosequestered carbon (1) and modeling global bio-
geochemical eyeles (2), as well as for understanding the histarical
effects and future impacts of human activities.

Earlier efforts to estimate global biomass have mostly focused
an plants (3-5). In paralkel, a dominant role for prokaryotic
hiomass has been adwocated in a landmark paper by Whitman
et al. (6) entitled “Prokaryotes: The umseen majority.” New
sampling and detection techniques (7, 8) make it possible to re-
wvisit this elaim. Likewise, for other taxa, such asfish, recent global
sampling campaigrs (9) have resulted in updated estimates, often
differing by an order of magnitude or mare from previows esti-
mates. For goups such as athropods, global estimates are still
lacking (10, 11).

Allof the above etforts are e
are aware of only two atlempts &
all biomass components on E

ch focused on a single taxon. We
a comprehensive accounting of
th: Whittaker and Likers (12)
made a arkable effort in the eady 19708 noting even then that
their study was “intended for early obsolescence” It did not in-
clude, for example, hact or fungal biomass. The other at-
tempt, by Smil {13}, was included as a sibsection of a book
intended for a bmad readership. His work details characterstic
values for the biomass of various taxa in many emvironments. Fi-
nally, Wikipedia serves 1 highly effective platform for maki
accessible a range of estimates on variows taa (https: fen wikipedia
orgiwikiBiomass (ecology}#Global biomas) but currently falls
short of & comprehersive or integ

ween prias orglegid ol 0107 Manas 1711842115

on a global scale with unprecedented resolution
and specificity. The Tam Oceans expedition (15) & among recent
etforts at global sampling that are expanding our view and cov-
. Continental counterpart efforts, such as the National
1l Ohservatory MNetwark in Morth Ame add mare
Ilm.lv resaled, continentspecitic details, atording us more ro-
bust descriptions of natural habitats,

Here, we either assemble or generate estimates of the biomass
tor each of the major taxonomic groups that contribute to the
global biomass distribution. Our analysis (described in detail in &/
Appendiv) i based on hundreds of studies, incliding recentstudies
that have overtumed earlier estimates for many taxa (e fish,
subsurface prokaryotes, marine e

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 a measure of abundance,
which allows s to compare a whose members are of wry
different sizes. Biomass & 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 wsed extensively in the literature
(6, L, 17). Alternative measures for biomass, such as dry weight,
are discussed in Materials and Metheds. For case of discussion,
we repart hiomass in tans of carbon, with 1 Gt C = 10" g of
carbon. We supply additional estimates tor the number of indi-
viduals of different taxa in 31 Appendiv, Table 51,

Significance

The com position of the biosphere is a fundamental question in
biology, yet a global gquantitative 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 ohserve
broad pattems over taxonomic categories, geographic loca-
tions, and trophic modes.
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Les groupes etudiés

Archéoplastidés

Bicontes
A
L

Excavates

Archées

-
-

Hacrobiés

Rhizariens Foraminiferes

Radiolaires

]

Eucaryotes . s
Y Chromoalvéolés

Apicomplexés

Ciliophores
Clade SAR

Bactéries Phéophycées

—T Oomycetes
Straménopiles
Six groupes étudiés Bacillariophycées
Bactéries Animaux :
. Métazoaires
plantes Champignons Unicontes

Champignons

D'apres Classification phylogénétique du vivant, tome 1, Lecointre et Le Guyader, 2016



La biomasse totale

Virus
02GtC

Archées
7GtC

Biomasse totale

550 Gt C e

Bactéries
70 Gt C

Protistes Champignons Animaux
4GtC 12GtC 2GtC



Répartition de la biomasse en fonction des milieux de vie

océanique
6 Gt C
continental
470 Gt C
SOuUs-sols

70GtC




Le cas particulier de la biomasse animale

A Virus B Nématodes
02GtC 0,02 Gt C
Archées M%IIZU?;?ges Annélides
7GtC i 0,2GtC _
Oiseaux
sauvages
0,002 Gt C
Z’Slgrgeg Arthropodes _
t 1GtC Poissons
/ 0,7GtC
Bactéries
70GtC
Mammiféres
sauvages
, 0,007 Gt C
[ A .
Protistes Champignons Animaux Cnidaires Bovins, Etres humains
4GtC 12GtC 2GtC 0,1 GtC  ovins, porcins 0,06 Gt C

0,1GtC



Biomasse vs. abondance
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Biomasse vs. diversité spécifique
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|dees clés

océanique (6 Gt C)
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Biomasse totale | sacteries (156t

550 Gt C

continental (470 Gt C)
plantes (450 Gt C)

SOuUS-Sols (70 Gt C)
Bactéries (63 Gt C)

Archées (7 Gt C)

* Des valeurs utiles pour contraindre les modeles climatiques.

 Bien distinguer biomasse, abondance et biodiversité spécifique d'un groupe d’étres
vivants.

« L'espéce humaine influence la biomasse des autres groupes d'étres vivants.
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