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Biodiversité

Définition de la Convention sur la diversité biologique:
La « Diversité biologique » désigne toutes les formes de 
variabilité du monde vivant, au niveau espèce et au niveau 
des écosystèmes, et au niveau des complexes écologiques 
dont font partie les organismes. Cela comprend la diversité 
intra-espèces, inter-espèces et inter-écosystèmes. (CBD, 
1992, article 2: use of terms).

Le phénomène vivant, pourquoi et comment ? Sa variabilité 
(y compris dans le temps). Sa valeur pour l’humanité.
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Des millions ? (Mora et al. 2011)
Des milliards ? (Larsen et al. 2017)
Arthropodes terrestres : 8,5 millions (Stork 2018)
Bactéries : 70-90 % du total ? (Larsen et al. 2017)
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Abstract

The diversity of life is one of the most striking aspects of our planet; hence knowing how many species inhabit Earth is
among the most fundamental questions in science. Yet the answer to this question remains enigmatic, as efforts to sample
the world’s biodiversity to date have been limited and thus have precluded direct quantification of global species richness,
and because indirect estimates rely on assumptions that have proven highly controversial. Here we show that the higher
taxonomic classification of species (i.e., the assignment of species to phylum, class, order, family, and genus) follows a
consistent and predictable pattern from which the total number of species in a taxonomic group can be estimated. This
approach was validated against well-known taxa, and when applied to all domains of life, it predicts ,8.7 million (61.3
million SE) eukaryotic species globally, of which ,2.2 million (60.18 million SE) are marine. In spite of 250 years of
taxonomic classification and over 1.2 million species already catalogued in a central database, our results suggest that some
86% of existing species on Earth and 91% of species in the ocean still await description. Renewed interest in further
exploration and taxonomy is required if this significant gap in our knowledge of life on Earth is to be closed.
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Introduction

Robert May [1] recently noted that if aliens visited our planet,
one of their first questions would be, ‘‘How many distinct life
forms—species—does your planet have?’’ He also pointed out that
we would be ‘‘embarrassed’’ by the uncertainty in our answer.
This narrative illustrates the fundamental nature of knowing how
many species there are on Earth, and our limited progress with this
research topic thus far [1–4]. Unfortunately, limited sampling of
the world’s biodiversity to date has prevented a direct quantifi-
cation of the number of species on Earth, while indirect estimates
remain uncertain due to the use of controversial approaches (see
detailed review of available methods, estimates, and limitations in
Table 1). Globally, our best approximation to the total number of
species is based on the opinion of taxonomic experts, whose
estimates range between 3 and 100 million species [1]; although
these estimations likely represent the outer bounds of the total
number of species, expert-opinion approaches have been ques-
tioned due to their limited empirical basis [5] and subjectivity [5–
6] (Table 1). Other studies have used macroecological patterns and
biodiversity ratios in novel ways to improve estimates of the total
number of species (Table 1), but several of the underlying
assumptions in these approaches have been the topic of sometimes
heated controversy ([3–17], Table 1); moreover their overall
predictions concern only specific groups, such as insects [9,18–19],
deep sea invertebrates [13], large organisms [6–7,10], animals [7],
fungi [20], or plants [21]. With the exception of a few extensively
studied taxa (e.g., birds [22], fishes [23]), we are still remarkably
uncertain as to how many species exist, highlighting a significant
gap in our basic knowledge of life on Earth. Here we present a
quantitative method to estimate the global number of species in all

domains of life. We report that the number of higher taxa, which is
much more completely known than the total number of species
[24], is strongly correlated to taxonomic rank [25] and that such a
pattern allows the extrapolation of the global number of species for
any kingdom of life (Figures 1 and 2).

Higher taxonomy data have been previously used to quantify
species richness within specific areas by relating the number of
species to the number of genera or families at well-sampled
locations, and then using the resulting regression model to estimate
the number of species at other locations for which the number of
families or genera are better known than species richness (reviewed
by Gaston & Williams [24]). This method, however, relies on
extrapolation of patterns from relatively small areas to estimate the
number of species in other locations (i.e., alpha diversity).
Matching the spatial scale of this method to quantify the Earth’s
total number of species would require knowing the richness of
replicated planets; not an option as far as we know, although
May’s aliens may disagree. Here we analyze higher taxonomic
data using a different approach by assessing patterns across all
taxonomic levels of major taxonomic groups. The existence of
predictable patterns in the higher taxonomic classification of
species allows prediction of the total number of species within
taxonomic groups and may help to better constrain our estimates
of global species richness.

Results

We compiled the full taxonomic classifications of ,1.2 million
currently valid species from several publicly accessible sources (see
Materials and Methods). Among eukaryote ‘‘kingdoms,’’ assess-
ment of the temporal accumulation curves of higher taxa (i.e., the
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Combien d’espèces ? Un peu plus de deux millions décrites.
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Toute espèce est un 
compromis pour la 
satisfaction de besoins 
« concurrents » pour 
des ressources limitées. 
L’investissement 
fondamental, 
prioritaire pour le 
maintien de l’espèce 
dans le temps, est celui 
de la production de 
descendants.



Sitta tephronota
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Sitta neumayer
https://pxhere.com/en/photo/367879

Deux espèces
de sittelles

dans les 
Balkans et au 
Moyen-Orient

Evolution, adaptation aux autres organismes
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selon que les deux 
espèces vivent 
ensemble ou dans des 
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Moyen-Orient)

Evolution, adaptation aux autres organismes
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Les Galapagos sont à 1000 km 
de la côte de l’Equateur. Les 

14 espèces de pinsons
actuelles dérivent d'un ancêtre
commun arrivé il y a 3 millions 

d'années du continent.

Evolution, adaptation aux autres organismes

La réduction de 
l’intensité de la 
compétition qui permet 
de maintenir un effort 
reproductif important 
est l’un des principaux 
« moteurs » de la 
diversification du 
vivant.



Phalène du Bouleau 
Biston betularia en 
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Evolution, adaptation aux facteurs physiques
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Evolution, adaptation aux facteurs physiques



Deux couleurs de la phalène existent, 
déterminées par une petit différence 
d’information génétique. Quand les troncs des 
bouleaux sont clairs, dépourvus de suie, les 
formes sombres du papillon sont consommées 
par les oiseaux prédateurs et sont peu 
nombreuses; quand les troncs des bouleaux 
sont sombres, couverts de suie, les formes 
claires du papillons sont consommées par les 
oiseaux et sont peu nombreuses. Le papillon 
s’est maintenu malgré le changement de son 
environnement grâce à la diversité génétique 
de l’espèce.

Phalène du Bouleau 
Biston betularia en 

Angleterre

Barbault R 2000. Ecologie générale. Structure et 
fonctionnement de la biosphère. Dunod, Paris

Evolution, adaptation aux facteurs physiques
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Evolution, adaptation aux facteurs physiques
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Evolution, adaptation

Dérive génétique: en raison du hasard, certains états de certains 
gènes (allèles) peuvent être perdus ou envahir une population.

Sélection sexuelle: une forme de 
sélection naturelle qui engendre un meilleur 
accès au partenaire reproducteur.

Prédation, parasitisme.
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Qui mange qui dans un lac ?
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Concrètement: 

Toute modification 
d’un système 
écologique “quelque 
part” est susceptible 
de se propager et 
d’entrainer des 
modifications 
“ailleurs” (effets 
collatéraux).

Qui mange qui du point 
de vue du canard ?



r: taux de croissance
intrinsèque de la population

dN / dt = r N

Nt = N0ert 

avec N0 = nombre d’individus
au temps 0

Déclin

Stabilité

Croissance 
exponentielle

Population, croissance des populations



Cascade trophique

Phoques

Homo sapiens Orques

Loutres de mer

Poissons
piscivores

Poissons Mollusques

Laminaires

Oursins

Un fragment de réseau alimentaire sur les côtes de l’Alaska, en partant des Loutres de 
mer et des déboires qu’elles connaissent depuis les années 1990 .
Les flèches relient les proies à leurs consommateurs.

Crustacés

Côtes de l’Alaska
Années 1990



Cascade trophique

Côtes de l’Alaska
Années 1990



Curvilier A. 2016. Dynamique et fonctionnement des herbiers marins dans un complexe
récifal anthropisé (île de La Réunion, Océan Indien. Thèse Université de la Réunion, 242 p.

Dynamique, perturbations



Forêt tropicale de Sungai Mahato, Riau, Sumatra, Indonésie

Puig H. 2001. La 
forêt tropicale

humide. Belin, Paris

Dynamique, perturbations, espace
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there were exceptions to this general trend (Extended Data Fig. 5).
Productivity overshot normal levels when recovering during the year
after extreme (but not moderate) dry and wet events (Extended Data
Fig. 4), which is consistent with damped oscillations, rather than mono-
tonic recovery, of productivity after climate extremes (Extended Data
Fig. 1). Consistent with previous studies9,14–23, biodiversity increased
ecosystem stability (Fig. 1a; F1,37.4 5 28.74, P , 0.001).

We quantified resistance and resilience, using proportional changes
in productivity from one year to the next, within each experimental
unit (plot) for each observed climate event (Methods). Linear mixed-
effects models were used to test whether resistance and resilience
depend on biodiversity, and how these biodiversity effects depend
on climate event properties, such as the direction (wet or dry), intensity
(moderate or extreme), or duration (3–24 months) of climate events,
while accounting for repeated measurements (Methods).

Biodiversity increased the resistance of ecosystem productivity to a
broad range of climate events (biodiversity main effect in Table 1 and
Fig. 1b). That is, more diverse communities exhibited smaller propor-
tional changes in productivity during climate events. On average,
across all studies and climate events, the productivity of low-diversity

communities with one or two species changed by approximately 50%
(V < 2; Fig. 1b), whereas that of high-diversity communities with 16–
32 species changed by approximately 25% (V < 4; Fig. 1b), during
climate events. Biodiversity increased resistance irrespective of the
direction (wet or dry) or intensity (moderate or extreme) of climate
events (all interactions were non-significant, P . 0.05; Table 1). There
was, however, one marginally significant interaction: biodiversity may
have increased resistance more during moderate climate events than
during extreme ones (biodiversity 3 intensity interaction in Table 1
and Extended Data Fig. 6). There was substantial variability in the
effect of biodiversity on resistance among studies and among years
within studies (see variance components in Table 1, Fig. 1b and
Extended Data Fig. 7); however, biodiversity increased resistance simi-
larly in long-term studies that were conducted for at least 9 years, and
in short-term studies (Methods).

Examination of the dynamics of recovery shows that, at both low
and high diversity, productivity had often returned to, or overshot, its
normal level during the year after a climate event (Extended Data
Fig. 4). Given this rapidity of recovery both for low- and for high-
diversity communities, biodiversity may not have a major impact
on the recovery of ecosystem productivity after climate events, at
least over the timescales and climate-event intensities considered.
Indeed, we were unable to detect strong and consistent effects of
biodiversity on our measure of ecosystem resilience (Table 1 and
Fig. 1c). Biodiversity decreased resilience after wet events, and
increased, although non-significantly (see confidence intervals
for 12-month events shown in Fig. 2), resilience after dry events
(biodiversity 3 direction interaction in Table 1 and Fig. 1c). That is,
less diverse communities recovered closer to normal levels of produc-
tivity during the year after wet events. On average, across all studies,
climate events, and levels of biodiversity, productivity moved approxi-
mately 10% closer to normal levels (D < 1.1; Fig. 1c) during the
year after climate events; however, this was often due to greatly over-
shooting, rather than failing to reach, normal levels of productivity
(Extended Data Fig. 4). The effect of biodiversity on resilience did
not vary substantially among studies or among years within studies
(see relatively small point estimates with large standard errors for
biodiversity variance components in Table 1 and Extended Data Fig. 8).

Next, we tested how our results depended on the duration over
which climate events were defined. To do so, we considered multiple

Table 1 | Fixed effect tests and variance component estimates
(standard error) for linear mixed-effects models

Resistance Resilience

Fixed effects
Biodiversity F1,27.8 5 20.68*** F1,8.5 5 0.67
Direction F1,81.7 5 0.53 F1,56.9 5 0.15
Intensity F1,85.6 5 1.40 F1,57.7 5 2.36
Biodiversity 3 intensity F1,82.3 5 3.02*
Biodiversity 3 direction F1,46.1 5 6.52**

Variance components
Study 0.37 (0.15) 1.4 3 1026 (3.5 3 1028)
Study 3 biodiversity 0.041 (0.022) 0.0067 (0.0096)
Study 3 year 0.32 (0.074) 0.68 (0.15)
Study 3 biodiversity 3 year 0.033 (0.011) 0.018 (0.012)
Plot 0.25 (0.038) 9.6 3 1027 (2.3 3 1028)
Plot 3 year 2.1 (0.051) 4.1 (0.099)

Temporal autocorrelation
rAR1 0.12 (0.025) 20.41 (0.020)

*P , 0.1; **P , 0.05; ***P , 0.001. Direction: 0, dry; 1, wet. Intensity: 0, moderate; 1, extreme.
Biodiversity: log2(number of species). Study 5 factor. Year 5 factor. Plot is defined within studies. Both
response variables were log2-transformed. Non-significant (P . 0.1) interactions were excluded from
the model. Kenward–Roger approximation is given for denominator degrees of freedom.
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Figure 1 | Biodiversity effects on ecosystem stability, and its resistance
and resilience components. Biodiversity consistently increases ecosystem
stability (a) and resistance (b), but not resilience (c). Lines are mixed-effects
model fits for each study (a), or each climate event within each study (b, c) (thin
lines), or across climate events and studies (thick lines with bands indicating

95% confidence intervals). Thick lines and bands in c indicate trends averaged
across both moderate and extreme events for either dry (dashed red lines)
or wet (solid blue lines) events. Stability measures are unitless. Axes are
logarithmic. See Table 1 for test statistics and Extended Data Table 1 for
sample sizes.
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versions of the drought index, which aggregated water balances over
different timescales, ranging from seasonal (3 months) to multi-year
(24 months) events30 (Methods). We found that biodiversity consis-
tently increased the resistance of ecosystem productivity during cli-
mate events, irrespective of the duration (3–24 months) of the climate
event (Fig. 2). Biodiversity had no significant effect on the resilience of
ecosystem productivity after brief, intra-annual wet or dry climate
events (Fig. 2). Biodiversity decreased resilience only after prolonged,
wet climate events that lasted 1 year or more (Fig. 2). The magnitudes
of biodiversity effects on resistance were substantially larger than those
on resilience for all but the longest durations (Fig. 2).

It is difficult, or perhaps impossible, to fully disentangle the resist-
ance and resilience components of empirical time series, especially
when there are frequent perturbations. For example, resilience to the
first of two consecutive climate events could bias estimates of resist-
ance to the second event. Similarly, resistance to the second of two
consecutive climate events could bias estimates of resilience to the first
event. To explore how this might have affected our results, we tested
whether biodiversity effects on resistance differed between climate
events that were preceded either by normal or by other climate event
years, and whether biodiversity effects on resilience differed between
climate events that were succeeded either by normal or by climate event
years (Methods). We found that biodiversity increased resistance,
especially during climate events that were preceded by climate event
years (biodiversity 3 consecutive interaction: F1,64.8 5 7.21, P , 0.01)
(Extended Data Fig. 9), and that biodiversity did not significantly
impact resilience, regardless of whether a climate event was succeeded

by a normal year or another climate event (biodiversity 3 consecutive
interaction: F1,39.6 5 2.42, P 5 0.13). We also tested whether biodiver-
sity significantly influenced resilience when considering only climate
events that were succeeded by multiple normal years in long-term
studies that were conducted for at least 9 years, and with resilience
quantified 2, rather than 1, years after climate events (Methods). We
again found no detectable effect of biodiversity on resilience
(F1,10.6 5 0.20, P 5 0.66). Thus, biodiversity did not influence resili-
ence after 1 or 2 years of unperturbed recovery.

Our results suggest that greater biodiversity generally provides
greater resistance. We focused on dimensionless, proportional
measures of resistance and resilience to allow comparisons of com-
munities with different levels of productivity. However, absolute mea-
sures of resistance and resilience might be of interest for some
applications within particular communities, and do not necessarily
depend on biodiversity in the same manner (Fig. 3 and Extended
Data Figs 4 and 5). Given that biodiversity increases productivity,
more productivity could be lost during dry events, and gained back
after dry events, in diverse than in depauperate communities3,10. In this
case, it is also important to note that our analyses show that biodiver-
sity increased productivity not only during normal years, but also
during climate events (Fig. 3).

Our results suggest that biodiversity stabilizes ecosystem productiv-
ity, and probably productivity-dependent ecosystem services, during
climate events that are moderate or extreme. Anthropogenic envir-
onmental changes that drive biodiversity loss will probably decrease
ecosystem stability14 by decreasing the resistance of ecosystem produc-
tivity to climate events. Restoring biodiversity will probably increase
ecosystem resistance to climate extremes, which are forecast to become
increasingly frequent as the global climate continues to change.

Resistance

Resilience

–0.25

0.00

0.25

–0.25

0.00

0.25

3 6 9 12 15 18 21 24

Duration of climate event (months)

Ef
fe

ct
 o

f b
io

di
ve

rs
ity

 o
n 

st
ab

ili
ty

 m
ea

su
re

All Dry Wet

Figure 2 | Effects of biodiversity on stability measures with climate events
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diversity always had low pest diversity, but plots with moderate
tree diversity ranged from high to low pest diversity.
On further testing of the robustness of the above result,

quantile regressions also revealed hump-shaped relationships
between native tree species diversity and nonnative pest diversity
(Fig. 1A). The relationships transitioned from positive to nega-
tive at intermediate levels of tree diversity. The hump-shaped
curves were observed for all the quantiles analyzed (SI Appen-
dix, Table S1). Similarly, randomly drawn subsets of samples
(counties) (n = 50, 100, 500, and 1,000) from the 2,098 total
counties included in the analysis yielded similar results as pat-
terns using data from all counties (SI Appendix, Fig. S1).
The diversity of nonnative invasive pests increased signifi-

cantly with host tree diversity but decreased with nonhost tree
diversity across the conterminous United States (Fig. 1B). The
specialist and generalist nonnative invasive pests showed both
similarities and differences in their relationships with host and
nonhost tree diversity, respectively (Fig. 2). The diversity of both
specialist and generalist invasive pests increased with host tree
diversity, indicating the occurrence of facilitation, but this ef-
fect was stronger for specialists than for generalists (Fig. 2A). In
contrast to their relationships with host tree diversity, both
generalists and specialists exhibited a hump-shaped relation-
ship with nonhost tree diversity; that is, pest diversity first in-
creases when nonhost diversity is low and then decreases when
nonhost diversity becomes very high (Fig. 2B).
The structural equation model (SEM) that included selected

physical and human factors explained 40% of the variation in
pest diversity. We found a significant positive correlation be-
tween pest diversity and human population density, a proxy for
pest propagule pressure (23–26) and host tree diversity (Fig. 3).

Annual mean temperature was negatively related to pest di-
versity, while precipitation had a positive effect. However, forest
area and spatial autocorrelation had little effect on the general
patterns, as shown by randomly drawn county subsamples with
smaller sample sizes and thus with greater physical isolation
among themselves (SI Appendix, Fig. S1). Spatial autoregression
(SAR) and ordinary least squares (OLS) regression analyses also
showed similar associations between pest diversity and various
biological, environmental, and human factors (SI Appendix, Ta-
ble S2). Despite the influence of this broad spectrum of external
factors (detected either separately from tree diversity by GLM
regression or OLS/SAR or jointly by SEM with native tree di-
versity also considered), tree diversity imposes significant effects
on pest invasions.

Discussion
Our results, especially the hump-shaped patterns, suggest that
facilitation and dilution can simultaneously influence pest in-
vasion in the same forest ecosystems (27) (Fig. 1). Both the di-
versity and biomass of the host trees showed significant positive
correlation with pest diversity, indicating the facilitation effect;
in contrast, pest diversity was negatively related to the diversity
and biomass of nonhost trees, suggesting a dilution effect in all
these models (Figs. 1B, 2, and 3 and SI Appendix, Table S2).
Although in general the relative strengths vary with the overall
host community diversity (and the relative proportion of host vs.
nonhost species), the threshold (the peak of the hump-shaped
cloud in Fig. 1) could change with other factors, such as climate,
resource availability, spatial scale, and habitat fragmentation
related to human disturbances (27–29).
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Fig. 1. The relationships between native tree species diversity (host plus nonhost) and pest diversity across the conterminous United States (n = 2,098
counties; symbol size reflects the relative forest area in each county). (A) Results based on second-order quantile regression for each quantile and polynomial
regression for all data (i.e., data in all quantiles combined). The thinner hump-shaped regression curves were based on quantile thresholds of 0.1, 0.25, 0.5,
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and pest diversity, across the conterminous United States.

Guo et al. PNAS | April 9, 2019 | vol. 116 | no. 15 | 7383

EC
O
LO

G
Y

diversity always had low pest diversity, but plots with moderate
tree diversity ranged from high to low pest diversity.
On further testing of the robustness of the above result,

quantile regressions also revealed hump-shaped relationships
between native tree species diversity and nonnative pest diversity
(Fig. 1A). The relationships transitioned from positive to nega-
tive at intermediate levels of tree diversity. The hump-shaped
curves were observed for all the quantiles analyzed (SI Appen-
dix, Table S1). Similarly, randomly drawn subsets of samples
(counties) (n = 50, 100, 500, and 1,000) from the 2,098 total
counties included in the analysis yielded similar results as pat-
terns using data from all counties (SI Appendix, Fig. S1).
The diversity of nonnative invasive pests increased signifi-

cantly with host tree diversity but decreased with nonhost tree
diversity across the conterminous United States (Fig. 1B). The
specialist and generalist nonnative invasive pests showed both
similarities and differences in their relationships with host and
nonhost tree diversity, respectively (Fig. 2). The diversity of both
specialist and generalist invasive pests increased with host tree
diversity, indicating the occurrence of facilitation, but this ef-
fect was stronger for specialists than for generalists (Fig. 2A). In
contrast to their relationships with host tree diversity, both
generalists and specialists exhibited a hump-shaped relation-
ship with nonhost tree diversity; that is, pest diversity first in-
creases when nonhost diversity is low and then decreases when
nonhost diversity becomes very high (Fig. 2B).
The structural equation model (SEM) that included selected

physical and human factors explained 40% of the variation in
pest diversity. We found a significant positive correlation be-
tween pest diversity and human population density, a proxy for
pest propagule pressure (23–26) and host tree diversity (Fig. 3).

Annual mean temperature was negatively related to pest di-
versity, while precipitation had a positive effect. However, forest
area and spatial autocorrelation had little effect on the general
patterns, as shown by randomly drawn county subsamples with
smaller sample sizes and thus with greater physical isolation
among themselves (SI Appendix, Fig. S1). Spatial autoregression
(SAR) and ordinary least squares (OLS) regression analyses also
showed similar associations between pest diversity and various
biological, environmental, and human factors (SI Appendix, Ta-
ble S2). Despite the influence of this broad spectrum of external
factors (detected either separately from tree diversity by GLM
regression or OLS/SAR or jointly by SEM with native tree di-
versity also considered), tree diversity imposes significant effects
on pest invasions.

Discussion
Our results, especially the hump-shaped patterns, suggest that
facilitation and dilution can simultaneously influence pest in-
vasion in the same forest ecosystems (27) (Fig. 1). Both the di-
versity and biomass of the host trees showed significant positive
correlation with pest diversity, indicating the facilitation effect;
in contrast, pest diversity was negatively related to the diversity
and biomass of nonhost trees, suggesting a dilution effect in all
these models (Figs. 1B, 2, and 3 and SI Appendix, Table S2).
Although in general the relative strengths vary with the overall
host community diversity (and the relative proportion of host vs.
nonhost species), the threshold (the peak of the hump-shaped
cloud in Fig. 1) could change with other factors, such as climate,
resource availability, spatial scale, and habitat fragmentation
related to human disturbances (27–29).
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and pest diversity, across the conterminous United States.

Guo et al. PNAS | April 9, 2019 | vol. 116 | no. 15 | 7383

EC
O
LO

G
Y

Guo Q. et al. 2019. PNAS 
116: 7382-7386.

130 210 sites 
d’observation aux USA: 

plus les espèces d’arbres
sont nombreuses, plus 
les pathogènes ont du 

mal à se disperser.

Biodiversité et pathogènes



Riz sensible à un champignon pathogène

Riz résistant à un champignon pathogène

La variété sensible au pathogène plantée 
en mélange avec la variété résistante est 
plus productive de 89 % (par rapport à la 
monoculture) et l’infection est moins sévère 
de 94 % (par rapport à la monoculture).

Coût par hectare en US$:
Monoculture standard: 7.28
Culture mélangée: 3.48
Economie par hectare: 3.80

Zhu Y. et al. 2000. Nature 406: 718-722
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Température de 
l’air à 2 m au 

dessus du sol, 10 
août 2003, 6 

heures du matin

APUR 2012. Les îlots de 
chaleur urbains à Paris
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Atmosphère
589 + 250

Sédiments 
superficiels

1750

Océans
38000

Hydrocarbures 
fossiles
3500

9,3

118,7
Respiration et feux

0,2
Sédimentation

80
Dissolution

78,4
Emission

1,7
Rivières

1.1
Déforestation
Usage des sols

123
Production 

végétale

Cycle planétaire du carbone en 
gigatonnes (= milliards de tonnes) 

de C et gigatonnes de C par an

Sol
1500-2400

Végétation
450-650

Concrètement: 

La végétation continentale 
est un outil potentiel de 
modification des 
conditions de vie physico-
chimiques à l’échelle 
planétaire (exemple: 
planter des forêts pour 
séquestrer du carbone).

Biodiversité et climat



Messages clés

Les organismes vivants ne peuvent que se diversifier, à des vitesses 
variables (millions d’années pour les vertébrés).
Les organismes vivants s’adaptent en permanence aux variations de leur 
environnement et modifient cet environnement (au grès des 
changements génétiques au hasard).
Les organismes vivants forment un système: toute modification quelque 
part engendre une modification ailleurs.
Le monde vivant détermine la qualité de l’environnement, sa dynamique, 
sa résilience.



Activités

Représenter un écosystème avec des cartes ou des calculs, imaginer des 
scénarios dynamiques suite à une modification.
Mesurer et cartographier des températures en fonction de la couverture 
végétale.
Comparer la diversité de groupes animaux ou végétaux en fonction de 
l’usage des sols.
Suivre (sur plusieurs générations d’étudiants) l’évolution du carbone du 
sol, de la microflore, de la faune après restauration ou aménagement.
Expérimenter (sur plusieurs générations) l’impact de la biodiversité dans 
la résistance d’une prairie à la sècheresse.


